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The theory of the method of adjusting 
curves by correction of the versines is 
based on a principle which mathemati- 
cally is not up to the standard of accuracy 
to which we are accustomed in permanent 
way calculations. 

Consequently, when Lerort, its inven- 
tor, put it forward, certain engineers 
doubted its accuracy, and it is only since 
its application on the ground has shown 
that it gave better results than those 
obtained by other methods that railway 
engineers have come to regard it more 
favourably. 

Even today, however, certain engineers, 
and these not the least eminent, consider 
_ it somewhat suspect through the lack of 
mathematical exactitude in the principle 
upon which. it is based. 

It is certainly suprising that, in order 
_ to convince them, no one has endeavour- 


I—1 


ed to determine the theoretical value of 
the error inherent in the method, an 
error which for the moment is masked 
by errors in the measurements made upon 
the ground. 

We propose, in this article, to calculate 
this error. 

If two curves are to be connected, these 
two curves must have, at their beginning 
as at their ends, two common pegs. Conse- 
quently, the last two ordinates of each of 
the two curves ought to be equal. We 
are led, therefore, to calculating the 
ordinates of a curve in terms of the ver- 
sines of this curve. 


Calculation of the ordinates of a curve 
in terms of the versines. 


Let us consider a circular are AB, 2a 
long (fig. 1). 
Let Yor Yar Yss be the ordinates of the 


ey, eee 


points A, C, B, and f, — CD, the versine 
at the point C, midway between A and B. 
Let us then draw EC parallel to the axis 
of the abscisse. 
We then have 


ED =FD ~FE=S7H_ y, — 


V5 — Ys YES BAYS A, ys 
2 2 aaa 2 a 
= DC cos w, = fy COS 4. 


Consequently 
Y5 = 22) [cos w 
or in general 


Yn = 2ZXp f cos w. 


Consequently the ordinate of a curve 
of any form is calculated by a double 
summation of the f cos, Let us then 
take a circular are of a length equal to 
5 equidistances a, the versines of which 
are respectively equal to : 


fofifotslafs at the pegs 0,1,2,3,4, and 5. 


We wish to calculate the ordinate of 
peg 5 relatively to the tangent at the be- 
ginning of the curve. 

All that is required is to get out the 
following table : 


Number 
of the 


pegs. 
1 2 3 


f cos Ww. 


0 fo COS Wo 
[o COS Wo 
4 fi, COS Wy, 


fo COS Wo + 7; COS Wy 


2 f2 COS We 


fo COS Wy + Fy cos w, + fe cos we 


3 fz COS We 


Sum of the 7f cos w. 


Sum of the numbers of column 3, - 


x 


4 
0 
[o COS Wo 
2fy COS Wy + fy COS W, 


3f COS Wy + 2f; cos w, + fe cos we 


fo COS Wy + fy Cos wy + 72 Cos wz + 


[3 COS Wy 
4 £4 COS Wa 


fo COS Wo ++ 7; Cos w, + fe cos we + 


fz COS Wg + fg COS Wy 


Oo 


fs COS Ws 


To COS. Wy + 7; Cos Wy + 72 Cos We + 


Af COS Wo + 8/; cos wy + 2f2 cos w2 + 
- fz COS Ws 


5fo COS Wy + 4/; cos w, + 372 Cos we + 
273 COS Wg + 4 COS Wy 


fz. COs Wg + £4 COS Wy + fs COS Ws 


6 fg COS We 


This gives 
y 


~ 


+ 2fz cos ws + fi, COS w4 


GF = Sfp COS Wo + Af, COS wy + 3fo COS we | 


6/9 COS Wo + 57; cos wy + 472 cos we +- 
3g COS Ws + 274 cos Wy + fs COS Ws 


or, in general terms, 


iB = Mfy COS Wo + (n — Uh cos w, + 


(n ay 2) fe COS 09 eo faa COS @n—1 (4) : 
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We will now check this equation in 
the case of a circular arc. 
The versine at the peg 0 (tangent point) 


is equal to 9 all the other versines are 


equal to f, a the above equation be- 
comes : 


= = dh eos Wo + 4f cos w, + 3f cos w5 
+ 2fcosw; + fcosw,... (2) 


Let us calculate the angles w. 


At peg 0, w = 0, 
Na Aan 
at peg 1, =F ea Ae = =t, since, 
2 

without appreciable error, f — = for 
the equidistance a, 
Eye soy ate 2 

Pp g 2 ie Se Bi iy a 

3 tod 2 X13 
at peg 3, ws ro aa 
2X nf 


at peg 2, on =—— 


Now to calculate the value of the co- 
sines 
We know that 


w? wt ww? 


cos» = 1 — or a =e Gt" 
Neglecting the terms above the second 


degree, which are very small, we get : 
2 
cos w = 1 Tay 


Substituting in this equation the value 
found above for w, we obtain : 


2f 

COS wo = 1, coso, =1—3(=), 
OP\2 
cos = 1—5(" <=L, 
1/2 x 3f\ 

£08 03 = 1 — 5 a (3) 

1 (2 x 4f 
COS 4 = —5( iF 
9 2 
£08 0) = 15 (=<) 


If we See in equation 2 the cosines » by their values, this equation becomes : 


ie ae ic 


+/[1—3-2 


ys Of 


eo aly 


al 


eager] + Af + x toyrti— LP Ax (2X1)? + BX (2X2)? +2 (2X3)? + 1 x (2x 4)*] 


and, in general terms : 


Yo PE (m4) J $20 f+ fgg —1) 2X1) + — 2 2X2) 
nae Ag aa 
g-9e aaa Loin =H axt? +(n— 9x2) 


.. 2(2(n — 2))? + 1x (2 (n — 1))7) 


ee iia Sansy + 


(2 (n — 2)? + 1x (2 (n—A})2). 
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Applying this equation to the calculation of the ordinates y, of a circular are of 
100 metres radius and 30 metres developed length, we get : 


t= 3. 


whence : 


n—2(® 0.4996) — 2 x 0.4096" 


This is the value obtained by the usual 
method. 

Let us now consider any curve the ver- 
sinés: of which are 77 .e teeta online 

We know that 


1 
yee ae 


We are therefore obliged to. calculate 
the values of the tangents ».'\ ||| y || 


COS | = 


We have (fig. 2) : 
w,; = 2+) 
we = 2a+b+b+c= %+%b+¢e ; 
w3 = 2a + 2b+c+d-+e = %+2+%-+4d. 


The angles «, b, c, d, ete., being very 
small, when the equidistance a is suitably 
chosen, the angles can be taken as equal 
to their tangents and. the sum of the 
angles be taken as equa! to the sum of 
.the tangents. 


f = 0.4996, 


2x 100 |! 


a=10m. 


3 — 1) (2x1)? + 1(2x%2)?] = 4.466. 


Consequently, noting that : 


tan a= /0, tan b == = ane 4 le, tava B 
we find 

tan o, =e 4h For h 

tang — 2 42h eM tAh th 


tat tog = 04 2 4 2h fs 


2 6G 
= 2fo + 2h + 2%e + fs. 
a 
and in general 


OF a Eh 


tan w qi (4) 
and 
4 
COS W,, == 5 (5) 


The cosines w being calculated, equa- 


tion (1) enables us to calculate with suf- 


ficient exactitude, the ordinate at any 
point of a curve the versines of which are 
known. 

Now to check this equation by applying 
it to the calculation of the ordinate of a 
circular are of 1000 metres radius and 
200 metres developed length, we find, 


- taking an equidistance equal to 10 m. 


Yoo — 19.936 metres, the value given by 
the geometric method. 
In the same way, we should. find that 
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the ordinate of a circular are of 500 me- 
tres radius and 100 metres developed 
length is : 

Yio = 9.967, again the value given by 
the tables of ordinates. And for the 
ordinate of a circular are of 100 metres 
radius and 30 metres developed length : 


y, — 4466, value given by the tables of 
ordinates and found previously. 


It would also be quite easy to check 
that the equations (3) and (5) give equal 
numerical values for the cosines o. 


Exact relations between the versines of 
two curves of any form having the 
same ends. 


As we know how to calculate the or- 
dinates of a curve in terms of the versines, 
let us now consider two curves of any 
form, € and €, (fig. 3) sufficiently close 
together and with very slightly different 
developed lengths, so that the equidistant 
pegs of the same row starting from the 


Fig. 3. 


point at which chaining begins, 0, such 
as A and D, B and E, C and F, can be 
taken as being placed on the same ordin- 
ate. ; 

C is the curve to be corrected and its 
yersines are those marked f. 


C, is the corrected curve and the new 
versines are marked F. | 

Let us suppose that these two curves 
are joined together at their end at the 


pegs 4 and 5. Aplying equation (1) we 
get : 
— af peg 5 of curve C : 


7 = 5fp COS wo + 4f; costo, + 3fo COS’ we 


+ 2fs cos w3 + [4 COS wy 

— at the same peg of curve (, : 

> — SF, cos Q)+4F, cos Q, + 3F, cos Q, 
+ 9F; cos Q3, + F, cos Q, 


Lo] 5S 


— at peg 4 of curve C: 


24 = Afy COS wo + 38f, COS w, + Io COS we 
++ [3 COS wg 
— at the same peg of curve C, : 
Ey 
= = 4Fo cosQy + 3F, cos Q, + 2F, cos Qs, 
+ F; cos Q3. 


We ought, therefore, to have : y; = Y;, 
that is to say: 
5fo COS wo + 4f; COS wy +°3f2 COS wW2 -- 
Of, COS wa + fy COS wy = 
5F, cos Qo + 4F, cos Q, + 3F2 cos Q, + 
QF; cos Q, + Fy cos Q,, 


or again : 


hols 


Hide Varo 


2 2 
Bf COS wy — BF cos Qo + 4/; COS wy — 
AF, cos Q, + 3f2 cos wz — 3F, cos Q, + 
2f3 COS W3 — 8F, cos Q. a fa COS wW4 — 
F,.cos OO, = 9 
and 

ys V4 

2 2 
37; COS w, — 3F, cos Q, + 2f2 cos we — 
QF, cos Q, + £3 cos w3 — F; cos Qs = 0, 


= 4Afy COS Wy — 4Fo cos Q) + 


or, in general terms : 
Nf COS wo — NFy cos Q) + 
(n — 4) f, cos wy — (mn — 1) F, cos Q, .... 
+ fn—1 COS Wr) — Fr—1 cos Qn = 
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Such is the exact relation between the 
versines f and F of curves of any form, 
lying near together and connecting two 
straight sections. 

The angles » and Q being as a rule 
very small, by making cos # = cos Q = 1, 
we get nearly equal values for the ordin- 


ates y;, Ys, Ys, Y4. ‘Calling them a,, A,, 
a,, Ay, we can write : 
9 = Sot H+ 8h t+%f += Pe 
A; Y; 
== =5Fo+4F,+3F,+2F,+Fy= 3 — E,. 
B= Mot 3h + + %h +f = Fe 
Ay Y, 
ped 4AFo+3F,+ 2Fo+ F; = 3 — EK. 


By subtraction, term by term, we find : 
as —A ,—Y 
5 5 6 U5 5 ees ee as 
Dlg = Bo) ei ea ee eet ts 
2 (73 — F3) + (fr — Fr) 


whence, making 6 = (f—F) 


589 + 40; + 362 + 263 + 6, = D'S = 
| ey ee Pa any | 
since 
Ys Ne 
2 =e 

1, — A — 

— 4__ Ys Hie AS ere 
ipa ee F.)+(f,—Fs) 
whence 

489 + 88, + 28. + 63 = Dp IN'S = 
E,—e, . Sree) 
since 


a Nig 


5} = 0. 


Subtracting, term by term, in equations 
(6) and (7), we find : 


Bo+61+62+6, +64 = (E;— 
or, in general terms : 
Ny +(n—1)6,+ see On—l—= Sy on '6=E,— En 


Go + 51 + 8g + 63 + Bn oor0 On = Uy 8 
= (E,, — En—1) — (€n — €n—1). 


Consequently for two curves lying close 
together and of any form, connecting two 
straight sections, the sum of the differ- 
ences between the versines of the same 
row of pegs, as that of the sum of the 
moments of these differences are not nil. 

However, if we consider two adjacent 
curves, the errors E, and e,, E,-; and 
€n—1 have practically equal values since 
these are the errors committed when cal- 
culating the ordinates on the same row 
and of little different values; it follows 
that the difference E, — e, and [(E, — 
E,—1) — (€n — @n—-1)] are very close to 0 
as we shall see in the following examples. 

Consequently, to ascertain the degree of 
accuracy of the method of adjusting 
curves by correcting the versines, the 
exact ordinates y of the curve to be cor- 
rected will be calculated by means of 
equation (1) using the measured versines f, 
and then the ordinates Y of the same row 
of the adjusted curve using the new ver- 
sines F found by means of the appro- 
ximate equations 


X(f—F) =0 and Yn'(f— F) = 0. 


E.)—(¢s— €4) 


The differences y— Y obviously meas- 


ure, at each peg, the distances between 


the two curves. 

The amounts separating these differ- 
ences and the movements required d cal- 
culated by the equation LON! (f—F) give 
the error committed at each peg and con- 
sequently the degree of accuracy of the 
method. 
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Error committed when using, for the 
purpose of adjusting a curve, the 
approximations 


EG 2 fr) 20) lof Fy) = 0. 


In order to make the point clear, a 
number of numerical examples will now 
be dealt with. 

a) We will first of all consider a de- 
formed parabolic transition the versines 
of which in millimetres (mm.) are equal 
to: 

C= 8, fi = 10, f. = 16, fs = 21, f, = 36, 
fo 4) f, = 6. 


2x8-+10 


Let us make F, = 5, F, = 14, F, = 21, 
F,. = 29, F, —, 38, ¥F,, = 41, F, = 56, 
the new versines of the adjusted transi- 
tion, calculated by using the known fun- 
damental equations 

X(f—F)=0 =Ume(f—F)=0. 

The amounts the deformed curve has 
to be moved to get it to the correct posi- 
tion are as much as 20 mm. 

The application of equation (4) gives 
for the deformed curve : 


tan wo, = 10 = 92.6 mm. 

tan we -eeeederiy = 5.2 mm. 

tan w3 = ee ee = 9.5 mm. 

tan w4 = Sitrated Dy '16 ae 21) FSG = 15.8 mm. 


10 


tan w 


tan & 


And finally, applying equation (5): 
1 
Cos @ = 
. ‘i Vi + tg? 6) 
we get 
COS Wy = COS wW2 = COS w; = 1, 

COS w, = 0.9998, cos ws; = 0.9997, 

COS wg = 0.9994. 


The same calculations for the adjusted 
curve give : 


cos O; = cos Q, = cos QO, = cos Q, = 1, 
cos Q; = 0.9997, cos Q, = 0.9994. 


Let us calculate the ordinate " of the 


__ 2(8 +10 + 16 + 27 + 36) + 64 
rae ciaietou 


_ 2(8 + 10 + 16 + 27 + 36 + 64) + 46 
pi 10 


= 95.8 mm. 


= 36.8 mm. 


curve to be adjusted, using equation (1). 
We have 
—6x8x14+5x10x1+4x 16x! 


+ 3 x 27x0.9998 + 2 x 36 x 0.9997 
+ 64x 0.9994 = 378.96 mm. 


We also get : 
Ye 6x BxX1 43x 11 x143x29x1 
+ 2x38 x 0.9997 + 1x47 x 0.9994 


= 378.97 mm. 
Consequently 

Hoover f 

oe ee (ae 


so that the two curves pass through peg 6. 


— 112 — 


We should also find that : 


47 <. 0.88593 and ie a 
so that the two curves pass through pegs 6 
and 7. 

In addition, it is easy to verify that 
the amounts of the movements d cal- 
culated with equation X On! (f — F) equal 
the differences y — Y between the ordin- 
ates. 

In the case, quite usual, of these para- 
bolic transitions, the fundamental for- 
mule 


> (f—F) =0 and SM+(f— F) = 0 


are therefore very accurate. 


0.58594, 


Fig. 4. 


b) Let us consider, figure 4, the part 
of the deformed curve the versines of 
which are, in millimetres : 


fy = 160, f, = 143, f, — 184, f, = 135, 
fy = 1B fe = 1 foe ee 


fs = 183, fs = 185, fire — 168, f,, — 140, 


fie = 154; 
So that, in millimetres : 


F, = 148, F, = 144, F, = 144, F, = 144, 
F, = 144, F, = 14, Foe— 1%, F, = 146, 
F, = 146, F, ie: Fy = 141, F — 146, 
F — 1M, the versines of the ‘adjusted 


to 


curve, calculated. from the approximate 
fundamental formule recalled in the 
preceding example. 

The amounts the deformed curve has 
to be moved to bring it to its correct 
position are as much as 0.30 metre. 

Applying equation (4), giving the 
values of the tangents and tangents Q, 
equation (5) giving the values of cosines 
o and cosines 2 , and equation (1) giving 
the values of the ordinates, we get : 


Ya2 Yao 
2 = 11.1466 9 
= 


= 11.144 


$3 = 12.9887 and -22 


= 12.9855 (*). 

The new adjusted curve as determined 
by the new versines F, passes therefore at 
2 (41.1466 — 11.144) — 26 mm. X 2, 
from peg 12 of the former curve and at 
2 (12.9887 — 12.9855) — 3.2 mm. x 2 
from peg 13 of the former curve. 

For this curve to pass through pegs 12 
and 13, it is easy to see that it would be 
sufficient to alter the versine F, by 
3.2mm. 

13 

In addition, if we observe that (Y,, 

Yi) — (Vy. Assi yeh = 0.0006, we can 
conclude that practically 


Sy Fi=0 


In the same way, we can verify that 
the displacements d calculated from the 
equation 2 « (f — F) differ but little 
from the differences (y — Y) and that 
these discrepancies can be cancelled out 
by a modification of the versines F of 
the order of one tenth of a millimetre. 

Consequently, although the radius of 
the curve to be adjusted is relatively small. 
(about 350 m.) and the displacements of 


= 2/10 mm. approximately. 


(1) The ordinates are measured relatively to 
the chord AX. 
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the pegs of the deformed curve are as 
much as 0.30 m., the fundamental formule 


Sf. KF). 0.and. Sn! (f—.F).— 0 


still give quite acceptable results. 


Conclusions. — The examples of the 
adjustment of deformed curves we have 
dealt with show that the use of the equa- 
tions 


Z(f—F)=0 and Yomt(f—F) =0, 


for ascertaining the values of the new 
versines and the calculation of the dis- 
placements, gives very exact results. 

Our demonstration has been based on 
the condition of comparing adjacent 
curves, the usual problem to solve, but 
the theory can be made of general appli- 
cation. 

When comparing two widely separated 
curves, the first investigation into the 
adjustment will give a slightly irregular 
layout, the irregularities of which will 
disappear after a second correction, be- 
cause we shall then be dealing with curves 
lying very close together. 

If we realise that the measurements to 
be made on the ground are very easily 
done with accuracy, we can conclude that 
this method is much to be preferred to 
the classical field method. 


* 
* * 


Rule to ascertain if a circular arc was 
correctly laid in originally. 


Take a deformed circular are correctly 
laid in originally. 

Let F be the versine of this circular 
are. When a peg n is displaced towards 
the outside of the curve by d millimetres, 
the versine F at this peg becomes F + d 


and the versine at the pegs n — 4 and 
n + 14 are reduced by 


d 
5 


cos w, figure 5. 


(If this peg was displaced towards the 
inside of the curve, its versine F would 
be reduced by d, and the two adjacent 
versines increased by 0). 

ste 


UE RCOS on a= ta 


5 without appre- 


- a equidistance 
between the pegs, whence : 
> __4/, a*\ d da id 
TE RET) REET | OR a 
a® 
aR’ 


ciable error, and w = 


F2qd 
“az 


when noting that F — 


and we have : 


dy Fed 
fn-1 =F — 9 ae “Qe 


m—F +d 
d.., Fd 
wien! miei 


If we agree that all the pegs but the 
first and the last (which are located on 
the straight sections) are moved by 
+ d millimetres, we find, making the 
sum of the versines of the deformed 
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curve, and the sum of the versines of 
the theoretical curve equal : 


F 
St ELE +o bE + 5 lit + 1)! — 2N4] 


F 
— N2 
+gN 


numbered from 0 to n, 

N, fraction of the equidistance separat- 
ing the tangent point of the peg num- 
bered (n—1) (*). 


kd F2(/ 
X) f= (n— 1) F-++ NF + 2(n — 1) 5 


whence 


ye 


Mot mete). Red 
n—1+N n—1-—N a? 


When F — 0.10, (R = 500), d = 0.20, 
a= 10 m., N = 0A, the second factor 
of the second member is equal to 0.00004. 

Generally the pegs are not all moved in 
the same direction and by the same quan- 
tity d, and in this case, the value of this 
second term is still smaller so that, with- 
out appreciable error : 


F = 


N p 
Sa) 


a 


A deformed circular are will therefore 
have been properly laid in originally 
when the quotient of the sum of the 
measured versines by the term n — 4 
-+ N is equal to the theoretical versine 
of the circular are. 

When the circular arc is connected to 


the straight sections by parabolic transi- 


tions, and the curve was properly laid in 
originally, the versine of the original 
circular are ought to be found by divid- 


(1) See: Diagrams of versines and super- 
elevations (J. CHAPPELLET), Bulletin of the 
International Railway Congress Association, 
October 1930. 


ing the sum of the versines measured on 
the deformed layout having parabolic 
transitions by the term n — 1 + N cor- 
responding to the original circular are, 
since the sum of the versines of this latter 
is equal to the sum of the versines of the 
deformed layout with parabolic transi- 
tions. 

The checking of a curve formed by two 
parabolic transitions can, however, be 
done directly as we shall see below. 


* 
* * 


Rule for ascertaining if a curve formed 
of two parabolic transitions was pro- 
perly laid in originally. 


a) Curve formed of two parabolic 
transitions separated by a circular arc of 
a length equal to one equidistance. 


Let us suppose that each parabolic 
transition spread over 10 equidistances is 
100 m. long, and that K is the difference 
between two succeeding versines F. 

The versines of the curve are equal to : 


58, 2K, 3K 4K, BK,OK,TR SK, 9K LOK G- 
K K 
10K — FB, 9K, 8K, oe. Ky 


As we have seen above, when a peg n 
is displaced d millimetres towards the 
outside of the curve, the versine at this 
peg becomes f = F + d, and the versine 
at the pegs n — 1 and n + 4 are reduced 
by 

== 5 COS w 
(If this peg were moved towards the 
inside of the curve, its versine F would 
be reduced by d and the two adjacent 
yersines increased by 9). 
If we agree that all the pegs, except 
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the end ones placed in the straight section, are moved + d millimetres we find : 


20-+41 a 
pe pe 0K 42x 10d— a(~ ; 


SW 
* + 608 W2+ C08 w3+...+COS v99 + 


cos W20T1 
2 


4, Wa, etc., in the angles between the perpendiculars to the correct transition 


at each peg. 
In general, we would have : 
"fd + n)nK + 9nd — d CS al 
and 


COS W), 


Bp nd + a(S 
~ Tenn 
Now to calculate cos a4. 
Without appreciable error, 


oy, = — 


Oy 


>) 


o; radius of the osculatory circle at peg 1 
of the transition and a equidistance be- 
tween the pegs. 

We showed (see Bulletin of the Inter- 
national Railway Congress Association, 
October 1930, fig. 25, page 2016) that, 
without appreciable error, for a given 
chord, the versine at a point of a parabolic 
transition is equal to that of the circle 
osculatory to it at this point. 

Neglecting the terms above the second 
degree, we have : 


az 
but, without appreciable error, 


0) 
cos wy, = 1 — 5 = 1 — 


F,, versine of the parabolic transition at 
peg 1, a: equidistance between the pegs, 
whence 


+ COS Ws + COS W3. 


+ COS wz + COS Ws. 


COS Wa, 
- + COS Won + oo) 


Z cos Want 
5 SP cos Won aia 9 (8) 
(1 + n)n 
and 
Pe ‘an a mgt oF, 
aoa 2a4 az 
4F?, 
We would also find : 
2, 
COS Wy, = 1 ——,-- 
a 


As we know how to calculate the value 
of all the cosines w, we could deduce K 
therefrom, but the calculations would be 
laborious; to make them easier, we will 
verify that the numerical value of the 
second term of the second number of for- 
mula (8) may be overlooked and that we 
can write : 


n+l 
qe Ft 
(A+n)n 


For this purpose, let us suppose that 
the two parabolic transitions are 100 m. 
long and are osculatory to a circular are 
of 500 metres radius, the versine of 


which, for a — 10 metres, is equal to 
0.10 metre. We get K — bu = 0.01 and 


n = 10. Making d = 0.10 we find that 
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the second term of the second member 
of formula (8) is equal to 0.00000132, 
that is to say itis practically nil and may 
be overlooked. 

The pegs are generally not ail displaced 
in the same direction and to the same 
extent d, and in this case the error com- 
mitted is still smaller, and we have still, 
without appreciable error : 


2n+1 2 
k— Ao! 

(1+ n)n 

A deformed curve composed of two 
parabolic transitions, separated by a cir- 
cular arc one equidistance in length, will 
therefore have been well laid in originally 
if the quotient of the sum of the measur- 
ed versines by the product (1 + n) n is 
equal to the difference K between two 
succeeding versines of the theoretical 
parabolic transition. 


b) The curve is composed of two para- 
bolic transitions placed end to end. 


The versines of the curve are respecti- 
vely equal to: 
K r C r € IV, K 
gk. 2K, 8K, 4K, 5K, 6K, Son 9K, 10K — 


OK eSB UK sc cabia. on 


Under the same conditions as before, 
we have : 


pase 
2 


n 


K = 


Consequently, a curve composed of two 
parabolic transitions placed end to end 
will have been laid in properly originally 
if the quotient of the sum of the measur- 
ed versines of the curve deformed by n? 
is equal to the difference K between two 
successive versines of the theoretical 
parabolic transition. 


We have supposed that the parabolic 
transitions have a developed length which 
is a multiple of the equidistance; in the 
contrary case, the formula giving the 
coefficient K would be arrived at by using 
as the values of the versines those obtain- 


ed from the formule given on page 2024 


to 2025 of the October, 1930, Bulletin of 
the International Railway Congress Asso- 
ciation. 

The rules given above, by which F and K 
can be calculated can be very useful when 
carefully investigating the adjustment of 
a deformed curve. In fact when the latter 
was originally properly laid in, the dis- 
placements needed to replace it in its 
correct position are generally small and 
always easily carried out, provided no 
structure or other obstacle has been built 
on or near this badly traced curve. 
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Progressive transition curves on railways, 
by Carros LAFFITTE MARTINEZ, 


Industrial Engineer, 


“The Bulletin of the International Rail- 
way Congress Association for December, 
1932, reproduced the report by Professor 
H. Baumann, Direktor bei der Deutschen 
Reichsbahn (German State Railways), 
and Mr. JarHn, Reichsbahnoberrat (of the 
same Railways), dealing with the « Rela- 
tionship between the vehicle and the track 
to ensure safety at high speeds. » When 
dealing with the question of joining up 
straight sections to circular curves, the 
said reporters suggested as a measure of 
the quality of such transition curves, the 
derivate in terms of the time of the accel- 
eration resulting from the movement of 
the axis of the vehicle. 

In an article under the same title as 
the present note, published in the Re- 
vista de Obras Publicas of the 15th March, 
1926, we suggested a criterion of the same 
kind, although we took into consideration 
the variations in the angular acceleration 
instead of considering those of the accel- 
eration of the axis of the vehicle. Subse- 
quently we published in the Revista de 
Ingenieria Industrial (*) an article in 
which we endeavoured to relate the de- 
gree of « comfort » of a vehicle to the 
changes of acceleration the traveller ex- 
periences while the train is running. 

We now propose to make some obsery- 
ations and comments upon the subject of 
the ratio mentioned at the beginning of 
this note; so that our ideas on the matter 
may be clear, we will start briefly with 


- (1) ‘See the July, 1930, number of this re- 
view. a : 


the part relating to the progressive tran- 
sitions. 

If we consider an axle of a vehicle run- 
ning through a circular curve of R metres 
radius at the speed of V kilometres an 
hour, the superelevation of the curve be- 
ing A millimetres, the centrifugal accel- 
aes in metres per second will be 
ae the centripetal acceleration due 
to the superelevation and expressed in 
the same unit, supposing the gauge to be 
1.50 metres between the centres of rails, is 


153’ and the resultant — which the re- 
porters state is adequate — will be ex- 
pressed by 
ve h 
Dios TBR = 153 eh Teles (1) 


To calculate the change of acceleration, 
the authors of the report in question use 


the formula =: in which ¢t = is the 
time required to run over the transition 
curve of length / at the speed V; they 


thus obtain : 


ye h V 
v=(SR—H3) ca - ae 


In the case of a vehicle of a total wheel 
base a, the inscription of the vehicle 
takes place on the distance / + a, and the 
change of acceleration becomes : 


Ge Sey wly , 
v=(gR 738) 580Eo - (3) 
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In the case in which there is no tran- 
sition curve and no superelevation: h—0, 
and / — 0 and 


y3 k 
Y= Te 7Ra (4) 
Observations. 


The calculation of ) by means of equa- 
tion (3) gives approximately the average 
change of acceleration when passing from 
the straight on to the curve; in our opin- 
ion, however, the strict interpretation of 
the value of the change of acceleration, 
the mathematical expression for which is 
dp 
dt 
mula. Actually, the passage of the ve- 
hicle from the straight to the circular 
curve can be decomposed into three dis- 
tinct movements, namely : 


b = —, does not lead to the said for- 


1. entry of the vehicle onto the tran- 
sition, that is to say with one pair of 
wheels or one bogie on the straight and 
the other on the transition (*) ; 


2. running through the transition — 
the two bogies are on the transition; 


3. entry on to the circular curve — one 
bogie is on the transition and the other 
on the circular curve. 


Let us take the second case, and sup- 
pose that the length of the superelevation 
ramp coincides with that of the transi- 
tion. The radius of curvature of the 
path described by the axis of the vehicle 
represents the half sum of the radii of 
the paths described by the bogie axles, 
and in view of the properties .of the cubic 


(1) Seeing how close together the bogie 
wheels are, we will suppose them as being a 
single pair in line with the bogie centre. 


parabola, we get approximately for this 
radius : 


(5) 


oO|— 
28 


x being the distance from the axis of the 
vehicle to the origin of the transition. 
The amount the vehicle is raised in the 


position considered is he and the re- 
sulting acceleration : 


ba V2 
DT RT 


x 
ace 

Making « — V¢ and substituting the 
value of t, we get 


_# (8 ty ¥ 
? = 7 —\T3R — 133) 3-61 


an expression identical with equation (2) 
of the reporters, Messrs. BAUMANN and 
JAEHN, with the difference that these 
Gentlemen established their equation for 
an individual axle, whereas ours is for 
the complete vehicle. 

If we deal in the same way with case 
No. 4, basing our investigation upon the 
fact that the values of the ordinates of 
the curve described by the axis of the ve- 
hicle equal half the corresponding ones 
of case 2, and that the superelevations 
are also reduced by one half, we obtain 


pa h Vv 
r =(ism— 153) 050 4 


(6) 


(7) 


In case 3, we should find the same 
value (7) for the change of acceleration; 
in other terms the maximum or most un- 
favourable value corresponds to case 2 
and is given by equation (6), which, as 
we see, gives values independent of a. 

Considering the case without transition 
curve, we get for | the value 0 and not 


- that obtained in equation (4) by the re- 


porters, This last equation gives an aver- 
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age value of the change of acceleration 

which in this case (passing direct from 

the straight onto the circular curve) 
2 


V 
from zero to oR and 


she Ves é 
from oR to ir instead of varying gradu- 


ally as where there is a progressive tran- 
2 


changes suddenly 


sition. The variation 55 » in our opinion, 


gives in this case the mean measure of 
the « comfort » at the centre line of the 
vehicle. It will be seen without difficulty 
that the curve described by the said axis, 
one bogie being on the straight and the 
other on the circular curve, represents 
approximately a circumference of radius 
2R. 

We ought also to point out that the said 
reporters took into consideration the cen- 
tre line of the vehicle alone, and we think 
that from the point of view of smooth 
riding it is essential to consider what 
occurs in the part of the vehicle occupied 
by the passengers, The exclusive appli- 
cation of equation (6) or equation (3) 
given by the reporters does not give us 
any factor of comparison when the theo- 
retical superelevation is adopted, because 
we then have p — O and | = 0 and this 
also incites us to investigate what takes 
place outside the centre line of the ve- 
hicle. 

The calculation of the change of accel- 
eration at each of its points is easily made 
in terms of the angular speed, a simple 
calculation which we gave in the above 
mentioned article in the Revista de Obras 
Publicas, The values obtained are: 


for cases 1 and 3: 


dw V'x 
and for case 2: 
awa..¥> 


Sant er) 


We see at once that, in case 2, the 
change of acceleration is the same for the 
whole of the vehicle; it can be calculated 
therefore by equation (6). This is not so, 
however, in cases 1 and 3. Let us con- 
sider, for example, the leading bogie cen- 
tre of the vehicle; the acceleration will 


be: 
hx + 
306 / 


V2 


V2r a 
d6RI 


13Rla * 2 
and 


V2 
73) V 40 


+=(ign—306) 5.07: 
For the trailing centre we get 


- RV 


= 306% 3.61 


(11) 

The changes of acceleration at the other 
points of the vehicle, and in particular 
at the ends where the values are maxi- 
mum, can be calculated in the same way. 
In our opinion, in view of the layout of 
railway vehicles, the values at the bogie 
centres generally near the ends occupied 
by passengers ought to be considered as 
being unfavourable. 

The changes of acceleration at the bo- 
gie centres can be calculated very easily. 

We, therefore, recommend that equa- 
tions (10) and (11) be used as a measure 
of the quality of transition curves from 
the point of view of smooth riding, as 
these give — particularly (10) — higher 
values of | than those obtained from 
equation (7). 

These equations enable us, as we have 
already said, to satisfy ourselves as to the 
quality of a transition of given length, 
and also to arrive at the length of transi- 
tion required for the change of acceler- 
ation to have a specified value. Messrs. 
BauMANN and JAEHN suggest that the 
length of the superelevation ramp, equal 
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to that of the transition, should be 
so fixed that the slope of the first be 


< wand this condition ensures lengths 


of transitions giving moderate changes of 
acceleration. 

In practice, especially on secondary 
lines, the length of the superelevation 
ramp frequently differs from that of the 
transition : let us study this case, sup- 
posing that the first be L > 4 + 2a (a 
= distance between bogie centres), the 
difference L — / being divided between 
the ends of the progressive transition; 
under these conditions the centripetal ac- 

Fee a ; h(a@+d) 
celeration in cases 1 and 3 is 153 L 
in which d represents the distance be- 
tween the origin of the transition and 
that of the superelevation ramp. Former- 


ly we found in these cases the fraction : 
h (« + 5) 
3061 


a result due to one bogie alone being, for 
L =1,on the superelevation ramp, where- 
as now both are on it, at the beginning 
and at the end of the transition. 

This increase of the centripetal accel- 
eration gives rise to the following change 
of acceleration : 


rors \. 
v=(5m 133L)36 


a smaller value than that given for the 


same case by equation (10), so that this. 


solution allows | to be reduced for a 
calculated value of J, or J to be reduced 
whilst maintaining the value of J con- 
stant. This is of great importance, in par- 
ticular when it is a question of intro- 
ducing or increasing the transitions on 
existing lines. 

In this case the change of acceleration 


(12) 


at the axis of the vehicle must be checked 
to see if it is really suitable . Its value is 
given by : 


Pe Be ee ae 
¥ = (501 = ean : 
At the same time care must be taken to 
make sure that the value of Y is not ex- 
cessive before the bogie runs onto the 
transition curve by using the following 
equation : 


(13) 


—hV 
Y = 153xX3.6L 


* 
* * 


: 
(17) 


We will now give some numerical ap- 
plications, starting from the « comfort- 
able » speed (giving smooth riding), ac- 
cepted by the reporters Messrs. BAUMANN 
and JAEHN, corresponding to a resultant 
acceleration of 0.40 on the circular curve. 
Using this value in equation (1) we get: 


v2 

h= 11.8 — 60 (18) 

Making A, for example, the maximum 
= 150 millimetres, us = 178. 


Taking the slope of the superelevation 
ramp selected by Messrs. Baumann and 
JAEHN , i. @. 1/10 V, which for h = 150 
gives L = 15 V, and taking / — L, we 
find as maximum change of acceleration 
at the axis of the vehicle, by equation (6), 
) = 0.0714; at the leading bogie centre, 
by equation (10), 4 — 0.161 and at the 
trailing bogie centre, by equation (11), 
) 0.091. The maximum value is there- 
fore found at the leading bogie centre. 

Proceeding in the same way for differ- 
ent values of f, we obtain values of 
varying from 0.10 to 0.21 at the leading 


bogie centre of the vehicle. 


Let us now see what occurs in the case 
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of L > 1] + 2a, and for this, let us adopt 
a maximum value of 0.20 for the change 
of acceleration, since we have obtained 
this figure in the previous case, and ex- 
perience also shows it. is. quite a possible 
value in practice (*), 

Let us take, for example, the concrete 
case wherein R — 800 and h = 150, 
which corresponds (18) to V = 120. The 
solution L = / gives L — 1 — 180 metres, 
a very satisfactory length of transition, 
but difficult to use in practice in many 
cases. If the value 4 — 0.20 be intro- 
duced in equation (12), we get for L = 
180, 7 = 120, which lets us solve the prob- 
lem with a much shorter transition than 
that given by the preceding equation, with- 
out departing at any moment from the 
value ) — 0.20 at any point between the 
bogie centres, as can be checked by means 
of equations (13) and (17). 

The length L — J is split up between 
the ends of the progressive transition, 
the best division being to leave only a 
length — a, that is to say the distance 
between the bogie axles of the vehicle, to 
the straight, and the remainder to the cir- 
cular curve. 

The reason for this division is that if 
we lengthen the superelevation ramp on 
the straight excessively, we set up a cen- 
tripetal acceleration which, when the ve- 
hicle runs on to the transition, changes 
direction and sets up unpleasant oscilla- 
tions. 

Messrs. BAUMANN and JAHN are of the 
opinion that the origin of the supereleva- 
tion ramp ought to coincide with the tan- 
gent point of the transition curve; we 
think that, seeing the advantages we have 
mentioned, it is desirable most often to 
prolong the ramp into the straight as 
indicated, and that the slight reversal of 
foree which results has no disadvantages. 


(1) According to our observations, a value 
of 0.25 ean be used without difficulty. 


II—2 


Curves without transitions. 


Taking the leading bogie, we see that 
when it runs onto the circular curve, it 
is suddenly subjected to the acceleration 
‘v? , seg tae 
R : to be accurate, this reaction is not 


instantaneous, because when the first 
pair of wheels of the bogie enters the 
curve, the increase in the acceleration is 
yz y2 

OR’ and ey reaches 7 when the second 


pair of wheels runs onto it; but owing 
to the short distance between the bogie 
axles, the time which passes between the 
two pairs of wheels passing the tangent 
point is small. This variation in the ac- 
celeration is independent of the super- 
elevation, the effect of which, in our 
opinion, is only felt when on the curve 
and not when running onto it. 


: \ y2 
We consider that the value of 7 ought 


to lie between (6) and (7), which gives 
changes of acceleration of about 0.50. 
Messrs. BAUMANN and JAEHN recommend, 
72 

when running over junctions, ~ == 8, 
and quote cases in which this value 
reaches 10 or more; this latter figure, 
however, appears to us to be exaggerated, 
not only as regards smooth riding but 
also from the point of view of safety. 

We find that transitions must be used 
so long as regular speeds are worked to, 
as is proved moreover by experience, 

To sum up, we consider that to appre- 
ciate the quality of a progressive transi- 
tion curve from the point of view of 
smooth riding, the maximum change of 
acceleration of the movement of the 
bogie centres of the vehicle must be 
taken into account; the value of this 


change of acceleration can be calculated 
when | — L«(length of the transition 
curve = that of the superelevation ramp) 
in formula (10). 

When the length of the transition has 
to be reduced, we can use the solution 
giving L > 1 + 2a and calculate 7 from 
equation (13) in which the value of 
may be made — 0.25 as maximum. The 
difference L — / will be divided between 
the straight and the circular curve, with 
the reserve that the greater part of the 
excess is allowed to the curve, only a 
length equal to wheelbase of the vehicle 
being added to the straight. 

In the absence of progressive transi- 
tions, the permissible speeds will corres- 


o— 
: v2 
pond to the equation aie, 6 to 7, and 
2 
. exceptionally we can have — = 8. 


* 
* * 

We should be very glad if railway en- 
gineers, who specialise in this matter, 
would express their opinion on these 
conclusions. We think the subject worthy 
of their consideration, seeing that the 
speed of railway vehicles is constantly 
tending to increase and that the unavoid- 
able curves in the location of certain lines 
makes it necessary to have many transi- 
tions. A rational study of the subject 
would .lead to much progress, to which 
railway engineers should contribute. 

Madrid, April 1933. 
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Opening of the electrification of the Orleans to Tours 
line on the 19th July, 1933, 


by Jacques DUMAS, Engineer, E. S. E. 


(Le Génie Civil.) 


Mr. Appell, Assistant Secretary of State 
for Public Works, representing Mr. Pa- 
ganon, the Minister for Public Works, 
attended the opening ceremony on the 
occasion of the electrification of the Or- 
leans to Tours section of the main Paris 
to Bordeaux line of the Paris Orleans 
Railway Company on the 19th July 1933. 
Before describing the ceremony and giv- 
ing details of the conditions under which 
this section has been electrified, we think 
it will be of interest to make it clear how 
far the electrification programme of this 
Company has been completed. 


The Paris-Orleans Railway Company’s 
electrification programme. 


As everyone knows, the Paris-Orleans 
Company was the first .of the great 
French railways to adopt electric trac- 
tion; in 1900, it introduced electric loco- 
motives for working trains in the Paris 
area between the old Austerlitz: terminus 
and the new one at the Quay d’Orsay 
(5 km. = 3.2 miles). This form of trac- 
tion had to be used when the Company 
moved the terminus for passenger trains 
to the Quai d’Orsay in order to avoid 
smoke in the underground tunnel con- 
necting the two stations and running 
alongside the river Seine (*). 


(1) See article on the extension of the line 
between the Austerlitz and Quai d’Orsay sta- 
tions in the Génie Civil of the 25th January 
1902. 


In 1904, the Company extended the 
electrification to its suburban trains run- 
ning out to Juvisy (23 km. = 14.3 miles), 
but the investigation made in 1914 show- 
ed that the savings from electrification 
using current produced in steam power 
plants was insufficient to justify the in- 
vestment of the large amount of capital 
required owing to the low cost of the 
coal burnt by the locomotives. 

In 1917, at the instance of the Govern- 
ment who wished to reduce the importa- 
tion of coal, the Paris-Orleans Company 
again investigated the question of elec- 
trification; it then prepared an electri- 


_fication programme covering most of its 


lines in the « Massif Central » and asked 
for a concession to utilise the water pow- 
er of the Upper Dordogne and its tribu- 
taries in order to supply power to the 
said lines. 

When the matter was gone. into more 
closely, the Company realised that the 
most interesting lines to electrify from 
the point of view of coal saving were 
those with heavy traffic or steep. gra- 
dients. The idea of electrifying the sec- 
ondary lines in the «. Massif Central™» 
was abandoned in favour, first of all, of 
the main line from Paris to Orleans, 
Vierzon, Limoges and Brive, then the 
cross country lines from, Saint-Sulpice- 
Lauriére to Gannat, and from Brive to. 
Clermont-Ferrand with their varying 
profiles. 

The first part of this programme, 


ee tat ie es parte 


a sAdertipice being given in 
Civil of the 25th December 19 
mu, first part of. the electrification was com-_ 
[en pleted before ‘the first nay tease eerie 
so oom + ~ power station belonging to the Company — 
(the Coindre station of 25000 kw., si- 
tuated on the two Rhues, tributaries of — 
the Dordogne), the electric energy requir- 
: ed for traction purposes was at first sup-_ 
3. plied by the Eguzon- station (50 000. kaw), 
is -. built by the « Union ‘Hydro-Electrique »* Chavan 
on the Creuse, and described in the Gé- the concessions for Sah h 
nie Civil of the 3rd July 1926. __-ven to the Orleans Company at the s: 
In order to cover the supply of. ‘power. _time as the Coindre and w 
required during the period of low water — are i 
in the rivers in the « Massif Central », 
and at the same time make it possible {Ge all 
dispose of excess energy produced by and, from. Fae to. 
the stations using these water courses their electirification 
in Winter, the Paris-Orleans Company completed after that of the T 
entered into agreements with the prin- deaux, Brive to Montauban and To 
: : cipal producers of energy in the « Mas- Nantes sections; these three main a 
+ sif Central » and the distributors in the of the Company would in this way be 
ae Paris region, to construct a high-capacity wholly electrified and the two first will 
pes - main transmission line between the link up with the Midi system, | largely — 
Fag « Massif Central » and Paris. This line, electrified already as shown in the Génie 
which was put-into service on the 1st Oc- Civil of the 27th August 1932. co 
E tober 1932, and described in the Génie oe 
4 Civil of the 10th December 1932, starts Principal features of the siectripitation is 
from Maréges and ends at Ch evilly, near of the lines between Orleans and Tours. : : 
_ Paris. The;voltage is 220000. The line ._ The energy for the newly”® electrified 
collects the energy. generated by most of fhe: from Orleans to Tours is_ supplied — 
the stations in the « Massif Central », in by the Chaingy station, near Orleans, on— 
particular from the Eguzon and Coindre the main 220 000-volt Maréges-Paris: <3 


ae 


4 


- stations and there are two posts (Eguzon transmission line, by means of two | < 
and Chaingy near Orleans) linking up 90 000-volt lines, feeding the five substa~ 
with the 90000-volt lines feeding the tions built at intervals - along this se Le igs ie 
traction substations of the railway. i tion. Each of these ‘lines consists of oe 


' The operating results on the Paris to three aluminium conductors of 238 m1 
Orleans and Vierzon line having clearly. (0.368 sq. inch)” section and 20 m 
demonstrated the benefits resulting from (13 /16 inch) in diameter, support ( 
the electrification of heavily loaded chains of six insulators on the st 
lines, the natural course was to first elec- and of seven insulators” at the su 
trify the lines with the heaviest traffic. sion strain chains carried by stee py, 
The Company, therefore, decided to elec- lons spaced 275 m. Cat pee apa 
trify the line between Orleans and Tours, the average. A ; e 
the heaviest loaded after the Paris-Or- 60 mm? (0.031 sq i f 
leans section, before undertaking the cured to the top. of the | ‘p ons, | 
electrification of the Vierzon- Brive ‘sec- the earth wire; the minimum height of 


% 


ve. 
ae. 
ca ae 
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* 

= 
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electrolytic copper 104 mm2 (0.161 sq. 
inch) in section, and two grooved trolley 
-wires 107, mm2. (0.166.sq..inch) in see- 


_ tion. -As an.experiment, and.in-order to 


obtain information on the relative life, 
the contact wires on the down road are 
in hard electrolytic copper and those on 


the up road in cadmium bronze of high 


conductivity. 

As a result of the ‘experience obtained 
on the Paris-Vierzon section, everything 
possible has been done to make the two 
tracks independent of one another. With 
this object, the catenaries of the two 
tracks, instead of pene suspended from 


sb=- mew. 2 t 


tons. i is entirely ‘automatic. - = 


) Prater souiverters, eaeh of 
at 750 volts, arranged in se- 
‘he whole of the 90 000-volt. side 
substations — esti ela Cireuit ; 


on the Paris to” Vierzon line; however, 
with the object of reducing the wages 
costs, the equipment of the, new. substa- 


Following the practice in set zone al- 
ready electrified, the contact lines of the 
main line sections are overhead lines 
with compound catenary suspension, 
with double contact wires and alternated 
droppers. Each catenary «line consists 
of : a catenary wire rope made of tele- 
phonic bronze 116 mm2 (0.18 sq. inch) 
in section, an auxiliary catenary wire of 


Fig. 1. — View of the open-air equipment of a substation. 


a portal, are carried on two entirely in- 
dependent pylons. These pylons have 
been built up of U bars assembled by 


--eross braces, and this has resulted in an 


appreciable saving of metal as compared 
with the portal supports of the old equip- 
ments. The normal distance apart of 
these supports on the straight is 63 m. 
(207 feet). 

In the stations, where it would be im- 
practicable to erect independent sup- 
ports for each track, the supports have 
been kept away, as far as possible, from 
the points and crossings, on which de- 
railments are to be feared during shunt- 


eae - bracket ‘supports, or semi-rigi 5 
formed by two layers of cables capable 


of carrying, without undue delermabun, 
widely differing loads. ee 

Unlike what had been done ‘on ether 
Paris: -Vierzon section, the device adopt- 
ed to limit the movement of the contact 
lines under the action of wind, instead 
of being by transverse cables, is by 


means of tubes, adjustable in length and 


secured by insulators at one end to the 
auxiliary carrying cable of the catenary 


Fig. 2. — Equipment of the running lines 
on the straight. 


suspension, and at the other aitie to the 
pylon or bracket serving one line only. 
On curves, stretchers keep the trolley 
wires on the same vertical plane as the 
Paess ms ia carrying cables. 


at each substation and half-way between 
two consecutive substations. — 
tinuity at the section points is obtained 
by means of ultra-rapid circuit breakers 


- services, and 5 high-speed test locomo-_ hay 
tives. which were described in the Génie Pay 


mulators.. A’ booster transform 
in an intermediate substation | is. provid ; 


of ‘its ends. 


-ris-Orleans Company had 80 rail ‘motor 
~ coaches" in the suburban service, 200 lo = 


| te 


q ting of ; 
eee es with a battery of accu- 


ed ‘SO as ito maintain: ravent the 4 
Pos ee ple itis line is s only. fed at 0. le = 


In order to cover the electrified work ee 
ing on the Paris-Vierzon section, the P 


comotives for the passenger and goods 


_ Civil of the 12th March 1927, As a result 


of more than six years operating exper- 
-jence, the test locomotives | which gave 
the best results were found to be the two 


of the 2D2 type, numbered E501 and 


502, the electrical equipment of which 


was supplied by Messrs. Brown-Boveri 


and Co., and the mechanical part by the 
Winterthur Locomotive Works; these lo- 


= comotives were described in detail in 
; the Génie Civil of the 4th June 1932. 


‘These locomotives haye two driving 


ee with wheels 1.500 m.(4 ft.11 in.) in 


.¢ 


The con-. 


provided either in the substations or at - 


the section posts along the track. The 


circuit breakers in the substations and 


the section posts belonging to a given 
section of line are closed: or opened to- 
gether by means of a ee 1.500-volt 
circuit (pilot wire). 


differ from the preceding ones in such 


_ diameter, a leading bogie, and a control 


cab at each end; their. horsepower Wg 
3 600 on the hourly rate, and 3 200 under 


. _. continuous load; their: total weight is ~ 
’The lines are divided into. sedioas 
the ends of which are arranged to fall 


125 t. (123 Engl. tons), and their adhe= 
sive weight 72 t. (70.8 Engl. tons). 

In order to bring up its stock of 1s 
motives to the required figure, in view 
of the opening of the Orleans to Tours 
line, the Paris-Orleans Company ordered ; 
from’ the « Compagnie Electromécani-— 
que » and « Compagnie de Fives-Lille » ‘ 
group 25 locomotives of this type, which | 
will be numbered E 503 to 527, for deliv- 
ery in 1932. These locomotives only 


alterations in details as experience had 
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shown to be needed: the diameter of 
the driving wheels has been increased 
to 1.75 m. (5 ft, 9 in.), the power at the 
hourly rating and continuous rating have 
been raised to 3700 and 3300, and the 
total and adhesive weights to 140 and 
80 tons. 

In addition, in view of the opening of 
the Vierzon to Brive line in 1935, the 
Paris-Orleans Company have ordered 
four new high-speed trial locomotives, of 
the 2D2 type, which will be numbered 
E701 to 704, the power of which will 
be 4100 at the hourly rating and 3 600 
at the continuous rating. 


In order to appreciate the progress 
made, it should be noted that the elec- 
trification of the Orleans to Tours line 
respectively raises from 238 to 353 km. 
(147.9 to 219.3 miles), and from 970 to 
1 265 km. (602.7 to 786 miles), the res- 
pective length of the lines, and of the 
single track of the electrified system of 
the Paris-Orleans Company, which will 
increase from 5 to 6.4 million tkm. gross 
(3.15 to 4.04 million Engl. ton-miles) the 
yearly traffic worked electrically. The 
consumption of energy by the railway 
will increase from 115 to 143 million 
kw.-hours, and the coal saved, from 
260 000 to 318 000 tons. This electrifica- 
tion has made it necessary to increase 
the number of substations from 11 to 16, 
their total power from 55 000 to 75 000 
kw., and the length of the 90 000-volt 
lines feeding them, from 640 to 865 km. 
(397.7 to 537.5 miles). 


Opening of the new line to electric 
traction. 


On the occasion of the opening of the 
Orleans to Tours line to electric traction, 
the Paris-Orleans Company ran a special 
train on the 19th July, consisting of Pull- 
man coaches belonging to the Interna- 
tional Sleeping Car Company, and hauled 
by the high-speed electric locomotive 
No. E501. This train, which was booked 
to cover the run from Paris (Austerlitz) 
to Saint-Pierre-des-Corps (Tours) in two 


hours, i. e. at a speed of 115.5 km. (72 
miles) an hour, started from the Auster- 
litz station at 2 p, m. and stopped in 
St-Pierre-des-Corps Station at 3.56 p. m., 
i. e. four minutes before the booked tim- 
ing, after having covered the distance at 
the average speed of 120 km. (75 miles) 
an hour, in spite of the speed reductions © 
required when running through the sta- 
tions at Juvisy, Etampes, Les Aubrais- 
Orleans, and Blois, having reached, at 
places, speeds of nearly 150 km. (93.2 
miles) an hour, a record much to the 
credit of the Paris-Orleans Company. It 
is well to add that, during the official 
trials which took place a few weeks be- 
forehand, this Paris-Tours run was made 
in 1 h. 50 m., i. e. at an average speed 
of 126 km. (78.3 miles) an hour, a speed 
higher than that of the « Cheltenham 
Flyer » in England, which, during the 
trial runs in September 1931, covered the 
distance of only 124 km. (77 miles) be- 
tween Swindon and London ai the speed . 
of 125 km. (77.7 miles) an hour. 

At Saint-Pierre-des-Corps, the guests 
of the Paris-Orleans Company were taken 
by motor car to visit the substation at 
Epines-Fortes, the last on the line, and 
were welcomed there by Mr. Richemond, 
President of the Board of Directors, and 
the higher officials of the Paris-Orleans 
Company. After having broadly sketch- 
ed the electrification work, Mr. Riche- 
mond reminded his listeners that, whilst 
carrying out its schemes for electrifica- 
tion, the Paris-Orleans Company, far 
from neglecting steam traction, had just 
transformed some Pacific locomotives 
purchased before the War by modernis- 
ing them in such a way that their power 
had doubled at the same time that their 
steam consumption per H.P. had been 
reduced by more than 30 %. These old 
locomotives had in this way been more 
efficient and powerful than recent en- 
gines. 

Replying to Mr. Richemond, Mr. Ap- 
pel, Under Secretary of State for Public 
Works, pointed out that the electrifica- 


Fig. 3. — View of one of the new high speed locomotives, ; 


tion, first undertaken by the railway 
companies to reduce the cost of coal im- 
ported from foreign countries, was now 
directed towards equipping electrically 
the whole of the country, by making 
electricity available in the country dis- 
tricts so as to bring them more comfort 
and greater well-being. 

Mr. de Boysson, Assistant Manager of 
the Paris-Orleans Company, then gave a 
technical review of the electrification of 
the new line, in connection with which 
an endeavour had been made to facilitate 
the maintenance work by reducing to a 
minimum the parts under voltage, and 
by perfecting to the furthest possible ex- 

_tent the thousand and one details of the 
equipment of the track, the importance 
of which will be appreciated when it 


is noted that the overhead lin 
transmit to locomotives running at speeds 


of 120 km. (75 miles) an hour current Y 
None-— 


of 2000 amperes at 1500 volts. 
theless, the electrification of this line 
had only taken 18 months, that is three 
months less than the time expected, 
thanks to the way the contractors had 


had to 


i. 


carried out their work : the « Als-Thom» : 
Company for the locomotives and elec- 


trical equipment; Messrs. « Drouard Fré- 


res » for the contact lines; and the « En-— 


terprise Industrielle Dis Company. for the 
90 000-volt lines, — 


After visiting the Epine- ered Sine - 


tion, the Company’s guests returned by 
motor to Tours, from whence they re- 
turned to Paris by train. 


a 
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130-H.P. oil engine-driven railcar for the 
Great Western Railway (Gt. Bn.). 


(The Engineer.) 


At the end of July 1933, we were 
able to give a short illustrated description 
of the chassis of an oil engine-driven rail- 
car manufactured by Hardy Motors, Ltd., 
of Southall, and fitted with a 130-H.P. 
A. E.C. oil engine. At that date the ve- 
hicle was still more or less in the ex- 
perimental stage, and some of the smaller 
details of its design were not definitely 
settled. Nor were the makers ready to 
publish details of the body which was 
to be fitted to it. The experimental run- 
ning of the chassis has now been satis- 
factorily completed, and as may be in- 
ferred from the engraving, figure 1, the 
body has been fitted. The complete ve- 
hicle, which has been shown at the Com- 
mercial Motor Transport Exhibition at 
Olympia, was purchased by the Great 
Western Railway Company, to enter 
Slough and 


service, probably between 
Reading. 


II—3 


The coach, as will be observed from 
figures 1 and 2, is of a stream-lined form. 
It was made and fitted to the chassis by 
Park Royal Coachworks, Ltd., of Abbey- 
road, Park Royal, N. W. 10. The reduc- 
tion of windage resistance and judicious 
saving of weight in the design of the 
chassis has made it possible for the 
130-H.P. engine to give the vehicle a 
satisfactory performance. Carried on 
two four-wheeled bogies, the car is 
62. feet long by 9 feet wide overali, and 
weighs less than 20 tons. The power- 
weight ratio is therefore higher than it 
is on most railway trains or vehicles. 
Besides a luggage compartment at one 
end, the coach has accommodation for 
sixty-nine passengers, but we understand 
that as many as eighty-eight could be 
carried if.the luggage compartment was 
not present and the seating rearranged. 
The important influence of the smooth- 
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ness of the exterior of the body on the 
windage resistance. has been fully realis- 
ed, and there are practically no external 
projections whatever. Even the steps to 
the driver’s cab from rail level have been 
arranged to be covered by flaps when the 
door: above them. is closed, and hinges 
which must project of stream-line form. 
The coach is painted in G. W. R. colours. 
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Resistance of Model Lbs. 
Resistance as Percen tage of “F” 


Miles per Hour RR 


Fig. 4. — Results of tests of models in wind 
tunnel, 


It was designed to follow out the results 
of wind tunnel tests on a number of 
models, some of which are illustrated 
in figure 3. A graph (fig. 4) the curves 
upon which are lettered to correspond 
with the model photographs in figure 3, 
shows the wind resistance in pounds of 
the models plotted against speed of mo- 
tion. The curves have been extended 
beyond the results of the actual wind 
tunnel tests themselves, as shown by the 
dotted lines, in order to judge of the per- 
formance of the vehicles at higher 
speeds. Curve F, which shows a very 
high resistance, applies to a coach with 
flat ends of conventional form, except 
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for the shrouding of the wheels. It was 
taken in order that some basis for the 
comparison of the stream-lined vehicles 
might exist. The best results were 
achieved by the model A, but, as we 
think our readers will agree, a vehicle 
constructed to have the shape of this 
model would be frankly ugly. A design 
which would give comparable results 
and at the same time have a pleasing 
form was therefore sought, and models B 
and C were the result. At first glance, 
these two might be taken to be identical, 
and, in fact, the only difference occurs 
in the shape of the roof, which in B is 
curved upwards at the centre 6 inches 
relatively to C. The surprisingly large 
influence of this small change of shape 
may be traced upon the graph. As might 
be inferred from figure 1 at the head of 
this article, it was decided to construct 
the body in accordance with the shape 
of model B. The other curves on the 
graph refer to models of other forms ex- 
amined by the makers, but since they 
had no influence on the final design 
adopted, they need no further reference 
here. 


The chassis. 


The design of the chassis of this rail- 
car is unusual in that the engine is placed 
within the body and to one side of the 
frame near the middle of its length. Re- 
garding, for purposes of description, the 
driving bogie end as the rear end of the 
double-ended coach, the engine is situat- 
ed on the left-hand side of the frame a 
little forward of the central position. 
The arrangement will be made clear by 
a reference to the photograph and draw- 
ings reproduced in figures 5 and 6. Both 
axles of the rear bogie are driven and the 
whole transmission system lies outside 
the main frame on the left-hand side of 
the vehicle. The mechanism is, however, 
hidden from view in the completed coach 
by the shrouding which extends to 
within a few inches of the rails. As far 
as possible, consistent with the best mo- 
dern practice in railway carriage con- 


struction, weight has been saved in the 
main frame and bogies, sO that the total 
weight of the chassis is oniy 13 tons 


10 cwt. The general design may be fol- 


lowed from the drawings, figure 6. Be- 
fore a choice was made consideration 
was given to the. advantages of several 


different types of bogies and a design 


was finally decided upon that could 
readily be adapted to suit both the brak- 


ing and driving systems it was intended. 


to employ. As will be seen from the 
drawings, each bogie is of the swing link 
bolster type, with laminated springs over 


the axle-boxes and an auxiliary rubber — 


suspension block, and nests of coil 


springs between the bolster and spring . 


plank. The main frame allows the en- 
gine and the various units of the trans- 
mission system to be conveniently carri- 
ed by outrigger members cantilevered 
from it. An additional advantage of the 
construction is that convenient steps 
from rail level into the body of the car 
at the central vestibule can be built in 
without the necessity for any projection 
that might increase the air resistance of 
the vehicle. A « trap door » in the floor 
may be raised and steps have been built 
in below the floor and clear of the frame 
to rail level. 
site the steps is hinged and so connected 
with the « trap door » that it opens out- 
wards as the flap is raised. The main 
members of the frame are 10-in. by 


A panel on the body oppo- | 


3 a | /2-in. uae) trussed w 


4-in. by. 1/2-in, angles. tet ) a 


Engine and Hache Resa 


the body and judicious saving of we 


‘in the chassis, the 130-H.P. A. Ey Nos ‘oil. 


engine, similar to that fitted in many 

commercial road vehicles, provides am- 
ple power. 
is mounted conventionally in front of it. | 
Since, however, the whole engine unit is 


enclosed within the bodywork of the 


coach, special measures had to be taken 
to cause a flow of air through the radia-_ 
tor. Beneath the car there is a swinging 
sheet metal flap hung on a vertical axis. 
Its free end projects into the mouth of — 
a sheet metal duct, and it is Aisoesea” 
more or less across the frame of the ve- 
hicle. Naturally, when the vehicle is 
travelling this flap swings backwards 
until its further motion is prevented by 
rubber buffers on the mouth of the duct, 
and in this position it deflects air into 
the duct, irrespective of the direction of 
travel of the coach. The air is thus 
guided into the space in front of the ra- 
dintar, through which it is drawn by a 
fan in the usual manner, and after pass- 
ing over the engine, it is discharged 
through louvres in the side walls of the 
coach. Owing to the low shrouding of 
the vehicle, the arrangement has the ad- 
vantage that the heated air discharged 


Fig. 5. — Side view of chassis showing arrangement of power: unit and transmission. — 


The radiator for the engine — 


60 anes} per hour | are 
l se oy any forward Lay 


a Rbehen pee 


r direction the vehicle is travel- 
hate is no conventional direct 
J e, as a study of the engraving will 
é ce. demonstrate at once. The output shaft 
A “is situated below and further from the 
-——s main frame of the vehicle than the input 
shaft and connected with it by constant 
5 Yeon Beans oA dog. clutch engages the 


tw O 43. toothed Whtcyaiestny gears, or 
alternatively through a 35-toothed wheel, 
i: an idler gear, and another 35-toothed gear, 
ey with the output shaft. There were two 
_ reasons why a direct « straight-through » 


_-—s drive was not adopted for travel in one 
Vtg direction. Firstly, of course, as will be 
= ; clear to all those who examine the gen- 

bie: eral Beranuemment pe of the Ebest, it 


7 : are shaft 3 in. Grate os take cs ae ive 4 
> 0 edaipae: axles in the manner shown. But of 
ee sha a sip swas the fact that, 
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nveleeae no Sites baunber 
wheels and made no such great 


The aluminium casing 
of this gear-box is ribbed to bring about 


efficient cooling and provides a large 


oil capacity ata low oil level — a point 
of some consequence, as a high oil level 
leads to churning and to rapid heating 
of the oil. At the rear end a chain drive 
is taken from the output shaft to a roll- 


ing drum exhauster mounted on the top 


of the gear-box. This exhauster main- 
tains the vacuum in the reservoirs of the 


‘brake system and is additional to an- 


other exhauster driven directly by the 
engine. It is provided to maintain the 
vacuum when, for instance, the vehicle 
is coasting down a long hill with the 
gears of the « Wilson » box in neutral 
and the engine idling, under which con- 
ditions the engine-driven exhauster is 
more or less out of action owing to its 
low speed. The exhausted air is deliver 
ed into the gear-box, whence it escapes 


through a specially designed breather — 
adapted to trap any oil that may be en-. 


trained in the air and return it to the 
sump. The arrangement is such that the 
gears in the box act as « oil throwers » 
to lubricate the moving parts of the ex- 
hauster. 

Up to this point it has only been ne- 
cessary to provide universal joints in the 
connecting shafts between the units of 
the transmission system to allow for dif- 
ferences of angularity. In the connection 
between the reverse gear-box and the 
driving axles, however, a further degree 


of flexibility is necessary in order to 


allow for rotation of the bogie round its 
centre pivot. The design of the telesco- 
pic shaft forming this link in the sys- 
tem may be seen in the drawing, figure 7. 
It is carried between two universal joints 
to provide for the necessary angular 
movement and consists as to its central 


distinction between the efficiencies of 
the two drives. 
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Fig. 6. — Chassis of 130-H.P. oil engine-driven rail 
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Worm drive and acdle box assembly. 


service on Great Western Railway. 


part of a tube 3 1/2 one in exterr 
diameter. Into this tube at each end 


there is fitted the « butt » of a solid : od. 


having a shoulder of the same diameter 
as the tube. The two are: welded tox 


gether . at the shoulder. Another shorter _ 
: which the worm is 
box casing. 


tube of the same diameter fits over the 
rod on the other side of the shoulder 
and is similarly welded into position. 


The rod is of such length that it pro- — 
jects beyond the outer end of the second tl 


tube and over the greater part of its 
length is of such a diameter as to pro- 


vide a wide clearance within the bore | 
of the tube. 


Upon splines cut on the 
projecting part of the rod a hollow shaft 
is adapted to slide, and, being of smaller 
diameter than the internal diameter of 
the tube, its end can project into the 
clearance space between the rod and the 
tube. The outer ends of these two hol- 
low shafts connect with the universal 
joints at each end of the telescopic shaft 
assembly. As will be seen from the draw- 
ing, covers screwed on to the ends of 
the tubes and nuts screwed on to the 
ends of the shafts prevent the complete 
withdrawal of the shafts from within the 
tubes, but dismantling of the assembly is 
easily performed by the removal of the 
caps, which are held in position by lock- 
nuts and contain a sealing ring to pre- 
vent leakage of the lubricant. 
of 4 1/4 inches is provided at each end 
of the assembly and lubrication is ob- 
tained by filling the clearance spaces 
with grease. 

The next mechanism to be described 
is particularly interesting, and the true 
merits of the design cannot be appreciat- 
ed without considerable study of the 
drawing reproduced in figure 6. Both 


axles of the rear bogie are driven — see 


also figure 8 — through worm and wheel 
mechanisms, and as any difference in 
the diameters of the wheels would set 
up undesirable stresses in the shaft be- 


tween the two worms an interaxle dif- . 


ferential gear is housed in the casing of 
the leading axle-box. The drawing re- 
produced in figure 6 refers to this lead- 


worm is euiee deserves Mrention 


A motion 


ae 1 ine seen: ne w - 
is solid with the worm driving the first 
axle. The neat manner in which the va- = bs 
rious parts are firmly supported is better 
discovered by examination of the draw-— 

ing than it can be described here. The 
worm wheel is bolted and splined tovaaeene 
flange carried on the axle itself, and the 
manner in which its mesh with the + 
It ra 


covers for ihe worm ‘arhieel eee ~ 
the smaller bolting into the larger. A ball 
thrust and journal bearing is carried by 
the smaller of these two covers. Since 
the large roller bearings that transfer 
the load of the vehicle on to the axle are 

so designed as to have no locating pro- 
perties, it is this ball bearing that locates 
the casing relatively to the axle. Thus <7 
by placing shims between the smaller sa 
cover and the face to which it bolts the 
position of the axle relative to the axle- 

box — or, in other words, the position = 
of the worm wheel relative to the worm - 
—— may be altered. Another important | 
feature of the whole design becomes ap- 


_ parent after a little study of the drawing. y 
The whole of the worm and wheel me-— a 


chanism may be dismantled for repair, 
replacement, or examination without — 
even relieving the axle of the weight of 
the vehicle. Removal of the larger cover — me 
allows the worm wheel to be withdrawn, mee | 
while the worm assembly is easily re- a 

moved when the end covers of its og - 
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a ee Thus the once in fine eae “ral 


g , tends to pull the axle-box- against - just > 
that set of guides on which the pressure > 


to drive the vehicle along is being ex- 


‘ ay 
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erted. Where the torque rod to be con-. 
nected below the axle, as indicated by — 


the dotted lines, its effect would be in 


opposition to the driving pressure, and > 
the arrangement might well give rise to — 


. chatter at the driving face of the guides. 


The axle-box itself is also mounted in a 


decse ‘so that the thrust on the guides 
y be truly normal. Otherwise one of 
ects. of ae. reaction wrontd., be 


ntoslé ii e Brake gear. 

ae the brake gear a departure has been 
1 Pes from conventional railway prac- 
tice by the fitting of internal expanding 
brakes similar to those of a road vehicle. 
Between road and rail vehicles, however, 
here i is ithe erential piilerence as far as 


case the Bad may be cially. removed, 
while in the other it may not. The me- 
chanism is so arranged on this railcar 
that access can be gained to the shoes, 
operating cams, and pivot pins without 
removing the drums or wheels. 
whole assembly, a drawing of which is 
reproduced in figure 10, is mounted on 
the axle behind the wheel. The drums 
themselves, split to be removable for 
up or replacement, are bolted and 


7 
“ee 


The 


_ Fig. 7. — The ae shaft ipetnieen reverse gear-box and final drive. 


Sepicrerdd into the wheels, while the rest 
of the gear is mounted on a carrier rid- 
ing on roller bearings on the axle and 
prevented from rotating by a torque rod. 
A split collar clamped to the axle retains 
the carrier in the correct position and 
holds it up against the face of the wheel. 
It will be clear from this description 
that it is only necessary to slack back 
the retaining collar, detach one end of 
the torque rod and disconnect the brake 
rod in order that the whole carrier may 
be slid back along the axle and the vari- 
ous parts mounted upon it inspected. 
Two vacuum cylinders are mounted 
on each bogie. Each is independently 
connected to the brake cam shaft lever 
of one axle, so that complete compensa- 
tion of the brakes is ensured. A cross- 


shaft of compensating type coupled to- 


the hand brake lever in the driver’s com-. 


partment is also connected to the brake 
cam levers. Vacuum for the brakes — 
and also incidentally for the sanding 


gear — is maintained by two exhausters, 


a ) Hig, 8) .—- ‘The: 


both of which have already been men- 
tioned. Three reservoirs are mounted 


beneath the chassis, and gauges in the. 


driver’s compartments show the vacua 
in these reservoirs and in the brake pipe. 

Before passing on to describe the con- 
trols, it should be noted that a large-ca- 


pacity electric accumulator battery is 


mounted on the frame just opposite to 
the engine, while the fuel tank is on the 
same side as the accumulator, but fur- 
ther back. 2 


Controls. 


’The controls under the charge of the 
driver are arranged in an identical man- 
ner at each end of the vehicle. They 
comprise an accelerator pedal, a prese- 
lective gear lever, a reverse gear lever, 


a ratchet hand brake, a finger-control’ 


lever for the vacuum brake, and another 


driving bogie. 


for the sanding gear. Lastly, there is a_ 
pedal for changing gear in the Wilson 
box, for it will ‘be recalled that in this — 
type of box the next gear to be engaged ~ 
is pre-selected, but not actually engaged - 
until a second control is operated. The 
hand brake lever at each end of the 
coach only applies the brake on the 
wheels of the bogie immediately beneath 
it. The two levers are thus not intercon- 
nected. In the case of the reverse gear 
lever and the preselective gear lever, 
however, interconnection is necessary. 
It is obtained by means of steel ribbons — 
attached to the ends of double-ended 
levers mounted beneath the coach and 
rotated by .the controls. The arrange- 
ment is such that whatever the direction 
of rotation one of the ribbons is in ten-— 


sion. Approximatley half-way along the 


vehicle a double-ended lever is mounted - 
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between the two ribbons and to it is 
attached a rod making connection with 
the mechanism controlled. A similar ar- 
rangement has been adopted for inter- 
connecting the gear change pedals at 
each end of the car with the Wilson 
gear-box. As, however, the « working » 
movement is always in the same direc- 
tion and a spring can be arranged to 
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Fig, 9. — Diagram of torque rod connections, 


give the return motion, only one steel 
ribbon is required, and it is always in 
tension. 

As the gear-selecting lever works in a 
« gate », trouble might arise through the 
gate at one end of the vehicle interfering 
with the free motion of the lever at the 
other. To make any such state of affairs 
impossible, only one gear-selector lever 
is supplied. It is so arranged — see fig- 
ure 11 — that it may be lifted out of its 
socket and, when the direction of motion 
of the car is reversed, carried from one 
end of the coach to the other. It is the 
toe of this detachable lever that engages 
with the gate, so that when it is removed 
no interference is possible. There are 
only four slots in the gate correspond- 
ing to the four forward ratios available. 
Reverse is obtained by lifting the lever 
slightly to clear the gate and drawing 
it back as far as it will go. 


The coach is very simple to drive. An 
electric starter brings the engine into 
action. The reverse lever is next thrust 
in the direction in which it is desired 
to travel, and the pre-selective gear lever 
is brought through the gate to the « first » 
or « second » gear position. Then, on 
pressing down the gear change pedal 
and releasing the air brake or hand 
brake, the railcar moves smoothly away. 
To engage another gear — whether high- 
er or lower — the pre-selective lever is 
moved once more, and the gear change 
pedal is again depressed at the moment 
when it is desired the actual change 
shall be made. 

This railcar, although its body is of 
streamlined form, has not been designed 
to travel at very high speeds, but to give 
economical services at speeds up to 
60 m. p. h. It is, in fact, intended for sub- 
urban rather than express long-distance 
service. In order that its maintenance 
costs may be small, as many parts stan- 
dard to Hardy road vehicles have been 
used as the design will permit, while the 
various units have been placed in acces- 
sible positions so that the replacement 


Fig. 10. — Brake gear assembly. 
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“THe Enoineen” @ 
Fig. 11. — Arrangement of gear selector lever. 
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of worn parts may be carried out easily 
and quickly. As to the interior of the 
body, it is particularly luxuriously fur- 
nished in a colour scheme of brown and 
green; the seats are upholstered in lea- 
ther, and the passengers sit back to back. 
At one end a door leads into the luggage: 
compartment, but at the other glass 
panels are interposed between the driver 
and the interior of the coach, As long 
windows are arranged on each side, the 
coach has a visibility as good as that of 
an « inspection » car. Deep luggage 
racks are provided and lights mounted 
beneath them are arranged above the 
heads of seated passengers in just that 
position, most suitable for reading. A re- 
cording speedometer is open for inspec- 
tion by the passengers; there is a clock, 
and in case of emergency a handle may 
be depressed to apply the brakes and 
stop the flow of fuel to the engine: 


Transmissions for Diesel locomotives and rail-cars, 


by STUART MIALL, B. 


Se. 


(From Diesel Railway Traction, Supplement to The Railwd)- Gasette). 


The Lysholm-Smith transmission. 


During the past 15 years many at- 
tempts have been made to obtain by hy- 
draulic means a widely varying output 
torque from the more or less fixed input 
torque of the internal-combustion engine. 
In some instances a _ variable-capacity 
pump has been used te deliver oil to a 
plunger type of hydraulic motor, the 
fluid pressure and the motor torque 
rising as the quantity delivered and the 
motor speed were diminished; in other 
instances rotary pumps and_ turbines 
have found favour. That the torque 
of a prime -mover could be mul- 
tiplied by a combination or hydrau- 
lic turbine elements was demonstrat- 
ed long ago by Féttinger’s hydraulic 
speed transformer, a contrivance used 


in vessels propelled by steam turbines in 
the days when mechanical gearing was. 
too imperfect to be trustworthy, but this 
transformer was not designed to provide 
more than one ratio. between primary 
and secondary torques. For aulomobile 
and railway work several carefully 
chosen ratios, or a ratio infinitely vari- 
able between specified limits, must be 
provided. 


In F6ttinger’s torque converter there 


was necessarily a stationary reaction 
member. Later developments have pro- 


ceeded on divergent lines and may be 
classified as under : 


a) Those in which the reaction mem- 
ber has been removed, a one to one 
torque ratio secured, and change-speed 
mechanical gearing incorporated; 
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b) Those in which the stationary reac- 
tion member has been retained and the 
blading arrangements modified to give 
an increasing secondary torque when the 
secondary speed is reduced, the primary 
torque and speed meanwhile remaining 
more or less constant. 

Under heading a) come the Daimler 
transmission (the fluid flywheel with 
the pre-selective epicyclic gearbox) for 
automobiles, and the various ciate 
tions with gears of the Vulcan-Sincla 
hydraulic coupling, which have been vi 
scribed from time to time in the Rail- 
way Gazette (1). Under heading b) come 
the Vickers-Coats torque converter (de- 
cribed in The Railway Gazette for 
March 25, 1932) (4) and the Lysholm- 
Smith torque converter. The latter was 
described by S. André and G. G6ransson 
in a paper before the recent World Pow- 
er Conference, and the accompanying 
illustrations are taken from their paper. 


(1) The Vulean-Sinclair hydraulic coupling 
and the Vickers-Coats torque converter are de- 
scribed hereafter. 
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Method of operation, 


Figure 1 shows the sectional arrange- 
ment of a Lysholm-Smith torque con- 
verter suitable for a railway application. 
It will be observed that no provisions 
are made for reversing the direction of 
rotation of the secondary shafi, but this 
is not necessary because the right-angle 
drive serving to rotate the axle of the 
car has the usual sliding-dog arrange- 
ment for selecting one of two loose gears. 

The engine fly-wheel contains a dou- 
ble-purpose clutch by which the engine 
shaft P may be connected either to the 
pump member C of the torque converter 
via sleeve B, or via intermediaie shaft I 
to the output or secondary shaft S. The 
centre plate Mis pressed by the action of 
the springs to the right or to the left, 
thus picking up fabric-faced discs A 
or K. At starting, disc A is gripped and 
pump impeller C sets up a rapid circu- 
lation of the fluid within the torque con- 
verter. Leaving C, the fluid moving out- 
wards (and circumferentially) impinges 
on the first ring T, of the secondary moy- 
ing blades. It is then directed by a 
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bladeless cavity through the first ring of 
stationary blades H, and by a second bla- 
deless cavity through T,, H, and T,. 
Blade rings T, and T, are attached to 
the secondary member and revolve with 
T,, while H,, like H,, is a fixed ring of 
blades, On leaving T, the fluid is drawn 
again into the pump impeller C. 

When the secondary member first 
starts to revolve its torque output is 
about five times that on the primary or 
pump member. This is equivalent to the 
low-gear torque multiplication of an or- 
dinary gearbox As the secondary speed 
increases the torque multiplication fac- 
tor diminishes, and when it is about 
equal to unity, disc A is released and 
disc K is gripped. This establishes di- 
rect drive and allows member C to come 
to rest. Due to the provision of a free- 
wheel F between the sleeve E, carrying 
the secondary member and the extension 
piece R of shaft S, the secondary mem- 
ber also is free to come to rest. Thus 
with disc K gripped the drive is perfect- 
ly free, there being no layshaft to idle 
as.in an ordinary gearbox and no churn- 
ing action of blade members. 


Performance characteristics. 


The performance of an 85-H.P. bus 
equipped with the Lysholm-Smith con- 
verter is shown in figure 2. It will be 
seen that the engine r. p.m. increases 
from about 1530 to 1950 while the road 
speed increases from 0 to 23.4 m. p.h., 
the rise being practically uniform. The 
slip in the converter at 23.4 m.p.h. is 
about 27 %, and the efficiency while the 
converter is in action follows a curve 
very similar to that obtainable with elec- 
tric transmission. It is zero to begin 
with, as with every kind of transmission, 
and it touches 86 %. It is over 70 % 
between 5m. p. h. (when the torque mul- 
tiplication factor is about, 4 1/2) and 
23.4 m.p.h. (when the torque multipli- 
cation factor is unity). For a turbine 
machine operating over a wide range of 
speed this efficiency characteristic is 
unusually favourabie, the ordinary tur- 


bine characteristic falling away rapidly 
on either side of the maximum, 


The low efficiency of ordinary tur- 
bines at any speed other than the opti- 
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mum is due to the incorrectness of the 
angles at which the fluid strikes the 
blading. This incorrectness results in. 
eddying, as shown to the left of figure 3. 


Fig. 3, 


By rounding the inlet edges of the blad- 
ing as shown on the right this eddying 
can be prevented, and it is in this way 
that a reasonably high average efficiency 
has been secured’ with the Lysholm- 
Smith converter. It will be remembered 
that in the Vickers-Coats Converter eddy- 
ing is prevented by pivoting certain 
blades and thus ensuring that they pre- 
sent themselves to the fluid at the correct 
angle. 

The efficiency of the Lysholm-Smith 
converter is about the same as that of 
electric transmission, but, owing to the 
possibility--of driving direct when the: 
vehicle has been started, the average 
running efficiency must be considerably 
higher. This transmission is also very 
much lighter and cheaper, and more 
compact than electric transmission. 
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Further details. 


Hydraulic and electrical machines 
suffer from the disadvantage that during 
long periods under heavy load condi- 
tions they develop a considerable amount 
of heat. In the same way that dynamos 
and motors are provided with fans, the 
Lysholm-Smith converter is provided 
with a small oil cooler or radiator. For 
the reason that the continuous operation 
of the converter over long periods is 
necessary only on a stiff gradient the 
radiator has little to do, and normally 
the converter keeps very cool. The flow 
of oil through the radiator is promoted 
by a pressure difference set up by the 
pump member, connections being made 
by tapping the converter casing at suit- 
able points. Across similar points are 
connected two ejectors, one for raising 
leakage oil to a gravity tank, and the 
other for forcing it back into the con- 
verter. A connection from the converter 
casing to the gravity tank is* effected 
through a special leak, to allow the oil in 
the converter to expand and also to pass 
away any air or gas which may collect 
therein. 


* 
* * 


The Vickers-Coats hydraulic torque 
converter. 


Comparable with electric transmission 
for efficiency, but very much simpler 
and cheaper in construction, is the Vic- 
kers-Coats hydraulic torque converter. 
So far, this has not been supplied except 
for small powers, but there is no reason 
why larger units should not be made. A 
section of this converter is shown in fig- 
ure 4. It consists of a vaned impeller A, 
carried round by the engine, and form- 
ing the casing for the whole; a vaned im- 
pulse receiving member B, geared to the 
locomotive driving wheels; and a sta- 
tionary reaction member C, also having 
vanes. ‘The vanes of the member C are 
made up of a number of pivoted seg- 
ments which are free to assume the di- 
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Fig. 4. — The Vickers-Coats hydraulic torque 
converter, 


rection taken by the fluid leaving B. 
Eddying losses are reduced by giving 
the fixed vanes this freedom, and it is 
in this pivoting of the vanes that the 
Vickers-Coats converter differs from the 
early F6ttinger transmitters. The latter 
were suitable for one speed ratio only. 
Figure 5 shows some curves taken from 
Engineering relating to the performance 
of a converter of this type. It will be 
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Fig. 5. — Performance curves for Vickers-Coats 
torque converter. 


seen that the efficiency curve, es 
never quite touching the 88 % mark of 
the early fixed-ratio converters, is a 
broad-topped one giving, on the average, 
a slightly higher efficiency than that ob- 
tainable with electric transmission. 

The Vickers-Coats hydraulic torque 
converter has been applied successfully 
to an internal-combustion locomotive 
having a two-cylinder airless-injection 
engine developing 26 B.H.P. at 1 200 
r.p.m. This engine is called upon to 
propel 30 tons in all over the miniature 


railway at Scarborough, so that the. 
Ww eight/pow er ratio is high enough here’ 


to impose a severe test on the transmis- 
sion. 


A clutch can be incorporated if desir- 
ed within the Vickers-Coats converter, 
to give a straight through or 1 to 1 drive 
under normal running conditions. It 
should be noted,- however, that unless 
the fluid be withdrawn from the coup- 
ling, when a straight through connection 
is made, the efficiency must be appreci- 
ably below 100 %, as the stationary mem- 
ber C will prevent the fluid from being 
carried round en bloc, and will cause 
eddying losses. 

The conversion ratio obtainable with 
the Vickers-Coats converter is about 
3 1/2 to 1, and this, with a fixed reduc- 
tion gear to suit the power /weight ratio 


in qiéstions should ie Witite suf! icient 
for many railway purposes. te ee 
The drive is particularly smooth, as” 
there are no gear-changing pauses, and | 
the clutchless converter cannot transmit 
heavy shocks or torsional vibrations. 


The Vulcan-Sinclair hydraulic coupling. 
The drive which is most economical 
of all from the power loss point of view 


is the well-known change-speed gear 
drive. The weakest of several. weak links” 


Fig. 6. — Vulean-Sinclair hydraulic. coupling, 
ring-valve type. 


in the conventional autémobile drive is 
the slipping friction clutch which, in a. 
railway application, can be burned out 


Fig. 7. — Hudswell Clarke Diesel locomotive with Vulcan-Sinclair hydraulic coupling. 
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~ ean-Sinclair hydraulic coupling. Known 

in automobile circles as the « fluid fly- 

wheel », this coupling has now been de- 

y veloped to meet the special requirements 
Ta On railway work. 

As originally devised for high: -power 

‘ ‘marine drives, and as used to-day in 

large ships and in automobiles, the Vul- 

for iadranlic ‘coupling consists of two 

ae, ih end similar mangd ae a 


“interna are plane and rad ace to a shia 


pessthont the mobs the casting 


ner’ 
‘Between ithe: two. cies ‘at sti pa 
trough there is another and a smaller 
ircular trough, of semi-circular cross- 


“edges of this smaller trough lie in the 


same. plane as the edges of the envelop- 
ing trough. In the working assembly 


’ 


tion and supported by the vanes. The 


the vaned members are face to face, with 


their corresponding trough edges almost 


touching, and they rotate about a com- 
mon axis. The space between them is 
about 3/16 inch for a 300-H. P. locomo- 
tive coupling, and the active fluid, but 
for the intersection of the vanes, would 


‘form an unbroken circular ring of oval 
_circular-cored cross-section, The impel- 


ling member carries a cover to enclose 
he. whole device, and the shaft of the 
follower passes through a bearing in the 
impeller assembly, there being a simple 
gland at this point. The gland permits 
relative motion between the impeller and 
the follower, but as this relative motion 
is, under normal conditions, only about 
2 % of the engine revolutions, the duties 
are very light. The pressure to be resist- 


ed is very low except at starting, when 


it may reach 20 or 30 Ib. per sq. inch. 
Oil is used as the working fluid on 
account of its lubricating and non-cor- 
rosive properties. The thinner the oil, 
the more efficient the drive, for — and 
this should be clearly understood — the 
coupling transmits engine torque by vir- 
tue of inertia effects, and not by any vis- 
cosity effect. Normally, the impeller 
runs a little faster (about 2 % faster) 
than the follower, so that the centrifugal 
tendency of the fluid is greater in the 
former member, and this causes the fluid 
to assume a vortex ring motion, the inner 
particles passing outwards in the impel- 
ler, and the outer particles passing in- 
wards in the follower. The angular ve- 


locity of the fluid in the iapeller cavi- 


ties being constant about the coupling 
axis, it follows that the fluid particles 
gather fresh momentum and kinetic 
energy as they move outwards to travel 
round in a larger circle. This energy, 
which must be supplied by the engine, 


is given up to the follower, for here 


again the fluid particles must move with 
uniform angular velocity about the coup- 
ling axis, but inwards, The slight change 


in the angular velocity of the fluid par- 
ticles, as they pass from the impeller to 
the follower, and back gain, may cause 
a little eddying, but full engine torque 
is transmitted from impeller to follower, 
so that the power loss is proportional to 
the slip, and is very small — about 2 % 
in a normal coupling. The heating of 


the Vulcan-Sinclair hydraulic coupling 


is far less than in any other hydraulic 
transmission device, and no radiators, 
ribs or other cooling devices are re- 
quired. are d : 
_ The simple Vulcan coupling, from 
which the Vulcan-Sinclair coupling has 
been developed, is employed extensively 


Fig. 9. — Vulean-Sinclair hydraulic couplings in the works of the Hydraulic Coupling & 
Iengineering Company. ; 
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Fig. 10. — Comparison of characteristics of 
normal and new automatic hydraulic coupling. 


at sea as a hydraulic clutch for connect- . 


ing marine Diesel engines to geared pro- 
peller shafts. It is also used in conjunc- 


tion with exhaust steam turbines operat- 
ing on the Bauer-Wach principle. In. 
these applications it prevents the trans- 
mission of torsional vibrations and mini- 
mises the shocks expertenced when, in a 


rough sea, the propellers are alternately 


lifted clear of the water and plunged 
deep therein. About 600 000 H.P. is trans- 
mitted through the hydraulic couplings 
in marine service, and here individual 
couplings are called upon to handle very 
large powers. Vulcan-Sinclair hydraulic 
couplings are widely used in industrial 
applications, particularly for high-power 
fan and centrifugal pump drives, and 
now the Daimler and Lanchester compa- 
nies use these couplings in conjunction 
with Wilson four-speed epicyclic gear- 
boxes for their high-class automobiles. 
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Vulcan-Sinclair hydraulic couplings 
for locomotives. 


The application of a simple Vulcan 
coupling, or fluid flywheel, to road and 
rail traction calls for a compromise in 
design. Thus, a small coupling is desir- 
able to give the necessary slip when 
starting, otherwise the engine tends to 
stall when accelerating. But, under nor- 
mal running conditions, the slip should 
be as small as possible, which in turn 
necessitates a larger size of coupling. 
For automobile work a reasonable com- 
promise is possible, because a full-load 
slip of 5 % or so has been found by care- 
ful fuel-consumption tests to be of no 
importance. For locomotive work, how- 
ever, the powers are high, and at times 
full torque must be transmitted for ex- 
tended periods; hence it was felt that a 
5 % loss could not be tolerated. Steps 
were taken to make a normal coupling, 
having a slip of 1 1/2 to 2 %, give the 
required « free engine » effect, and fig- 
ure 6 shows the coupling which eventu- 
ally fulfilled the neceSsary conditions. 
A coupling of this improved type is util- 
ised in the 300-H.P. Diesel locomotive 
shown in figure 7. Here the fluid circu- 
lation can be impeded at the will of the 
driver by means of an externally oper- 
able ring valve, and in this way the 
_ torque at the follower can be reduced, 
when required, to a sufficiently low 
value. 

An entirely automatic action is secur- 
ed in the latest traction coupling shown 
in figure 8. A reservoir chamber is carri- 


ed by the runner, or driven half, and 
into this the working fluid is carried by 
several scoop-ended tubes (situated be- 
tween the vaned members) whenever the 
speed. falls below a certain predetermin- 
ed limit. In this way a sufficiently high 
slip is secured for idling and starting 
conditions. At normal speeds centrifugal 
action ensures complete evacuation of 
the reservoir and a full coupling. Per- 
fect balance between the centrifugal 
effect and the « scoop tube » effect is pos- 
sible at only one speed, and the equili- 
brium is intentionally unstable so that 
with the least excess of speed the coup- 
ling is definitely full, and with the least 
fall in speed the working circuit is suf- 
ficiently emptied to give the required ad- 
ditional slip. Right down to the critical 
speed the coupling will deliver full en- 
gine torque and sustain the drive. The 
transition at the critical speed takes 
place very rapidly, and below the cri- 
tical speed the transmitted torque is so 
reduced that the rotation of the runner 
may be arrested by the application of a 
« clutch stop » or brake of suitable di- 
mensions. 

The characteristic of the new traction 
coupling is compared in figure 10 with 
that of the simple coupling, and it will 
be seen that the new coupling possesses 
very distinct advantages. It empties 
when the speed falls below 300 r. p. m., 
and it does not fill again unless the speed 
is raised above 450 r.p.m. Over the 
working range of 1000 r. p.m, to 1750 
r.p.m. the slip averages 2 % and the 
efficiency 98 %. 
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General Electric air conditioning for Pennsylvania diner, 
by T. F. PERKINSON and F. L. SAHLMANN, 


Transportation Engineering Department, General Electric Company. 


(Railway Age.) 


The Pennsylvania Railroad has placed 
in service between New York and Wash- 
ington a diner equipped with a mechan- 
ical air-conditioning system manufac- 
tured by the General Electric Company. 
This equipment is of the conventional 
type employing a direct-current motor- 
driven compressor, but it incorporates 
a number of novel features pertaining 
particularly to the power supply and the 
arrangement of the compressor and con- 
denser units. It has a refrigerating capa- 
city of 5 1/2 tons of ice per day (66 000 
B. T. U. per hour) and uses Freon as the 
refrigerant. 

Another General Electric air-condi- 
tioning equipment previously put in op- 
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Fig. 1. — Mounting arrangement of compressor unit. 


eration on this railroad, in suburban 
service on the Paoli line, is of the herme- 
tically sealed type, taking power from 
a 25-cycle trolley. 


System complete and self-sustaining. 


The equipment of the new conditioner 
consists essentially of one compressor 
unit located under the car body, one con- 
denser unit located under the car body, 
two evaporator units located in the clere- 
story, one 20-kw. axle-mounted gener- 
ator, and one control equipment. 

The compressor, with the necessary 
valves, fittings, gages, etc., and its direct- 
current driving motor, are mounted in a 
framework suspended from the car un- 
derframe. The condenser, liquid recei- 
ver, condenser fan and fan motor are 
assembled in a framework independ- 
ently of the compressor unit, and are 
also mounted beneath the car body. The 
air is drawn from the side of the car 
through the condenser, the circulation 
being such that no additional space is 
required at either end of the unit to 
secure an adequate flow of air irres- 
pective of the direction of the car move- 
ment. Each or the two air-conditioning 
units in the clerestory of the car con- 


_ sists of an evaporator coil, a steam heat 


coil, expansion valves, circulating fans. 
and fan motor mounted in a framework 
with the necessary ducts and piping. 
The equipment is suitable for operation 
with or without ducts. In this particular 
installation no ducts are used, the cooled 
air being discharged horizontally from a 
grilled opening in the bulkhead at each 
end of the car. 
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pigs 2: — Evaporator fan-unit assembly. 


tain the proper indoor temperature. This 
conforms in general to the practice re- 
commended by the American Society of 
Heating and Ventilating Engineers. The 
thermostat controls the power supply to 
the compressor motor, which is either 
operating at full capacity or is shut 
_ down. The evaporator fans may be oper- 
ated independently of the compressor 
unit. This permits operation of the air 
circulating fans for ventilation even 
though air conditioning is not required, 
and also permits use of this system for 
supplying make-up air during the winter 
season. Cold drafts are avoided during 
the heating season by tempering the air 
by means of a steam heating coil in the 
evaporator unit. 
The total volume of air circulated is 
approximately 2000 cubic feet per min- 
ute, a portion of which is make-up air 


drawn from openings in the side of the 


clerestory through filters by the fans 


. 
: 


epee thermostat to main- 


casting, 


and forced through the heating and cool- 
ing coils into the car. The air from the 
car returns to the fans through recircu- 
lating air openings in the ceiling near 
the blower set at each end of the car. 
With a system of this type the interior 
of the car is maintained at a pressure 
slightly above atmospheric. Because the 
incoming air is filtered, there is a noti- 
ceable absence of cinders and dust, since 
the movement of the air is outward from 
the car through cracks and door frames, 
around the windows, etc., instead of in- 
ward as in the case with the ordinary 
car ventilating systems. 


20-kw. gear-driven generator. 


‘Of particular interest is the source of 
power supply. An axle-mounted, 20-kilo- 
watt, 37 1/2-volt, direct-current shunt- 
wound generator, gear-driven from the 
inside axle of one of the car trucks, pro- 
vides power for air conditioning, battery 
charging and lighting, and replaces the 
conventional car-lighting belt-driven 
machine. 

The generator has been designed to 
obtain the maximum capacity in the ex- 
tremely limited space available in the 
truck. Fabricated construction, involvy- 
ing no castings of any kind in the gen- 
erator frame, has been employed. The 
magnetic circuit is made up of rolled 
steel plate, the magnetic qualities of 
which permit working at higher flux 
densities than does the conyentional steel 
and with minimum physical size 
and weight. 


Fig. 3. — The 20-kw. axle-driven generator. 
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Fig. 4. Mounting arrangement of condenser unit. 
A special axle to receive the generator 

and gear replaces the standard car axle. 

The axle bearings, of conventional 

ett bronze construction, are lubricated with 
Wo Ew oil and waste, oil being fed from a 
constant-level oil supply system, iden- 
tical in principle to the system employed 
in recent years with General Electric 
traction motors. Anti-friction bearings 
are provided for the armature shaft. The 
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Fig. 5. — Piping layout for complete air-conditioning equipment. 
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characteristics of the gear 


tructu 
the Slip ping ee sint of ae wheels is ap- 
proached, as would occur with a locked 

mature. After an emergency operation 
€ ear can be restored to normal oper- 
: ating status. 


. Compressor and condenser. 


- -To obtain the maximum of accessibil- 
| Bie the compressor and its driving mo- 
ee by a Jae es as a poparate 


: hie A ehgely aa iced a hae 
running at 400 r.p.m.—is suspended at 
points Bear its ees of ets in a 
ap design of ae ee is suck 
_ that suspension from the longitudinal 
Le outside | channel of the car underframe 
‘: vis fg ‘ed. This arrangement not only 
s easy access to all parts of the 

‘compress r and its driving motor but 
Bi as “permits addition of a minimum 


are 


rw ys bles 4 

of weight in the form of sup-— 
ng framework. ; 

eae between the compressor and the 
37 1/2-volt, 8-horsepower, direct-current 
motor is by means of grooved pulleys 
and endless V-belts, insuring a quiet yet 
simple and easily maintained drive. 

Discharge and suction piping, valves, 
strainers, high and low pressure cutouts 
and gages are completely contained and 
interconnected within the dimensions 
of the framework, making it necessary to 
furnish but two refrigerant connections, 
the discharge and suction lines, to the 
remainder of the refrigerating system. 

The points of support for the com- 
pressor unit are insulated from the car 
body by soft rubber bushings, thus mini- 
mizing the transmission of compressor 
vibration to the car structure. 

The space available for the application 
of compressor and condenser equipment 
beneath the car underframe is, in the 
majority of existing rolling stock, very 
restricted. In particular is this restric- 
tion present in the case of dining cars, 
where this space is utilized to a large 
extent by provision boxes, battery boxes, 
brake equipment, etc. Very often the 
space available for the application of the 
compressor and condenser equipment is 
hemmed in on each side by existing 
boxes — a condition that aggravates the 
problem of obtaining adequate accessi- 
bility. In the installation of equipment 
for the Pennsylvania diner, the separa- 
tion of the condenser unit from the com- 
pressor and its driving motor facilitates 
the problem of securing adequate loca- 
tion and accessibility to apparatus. 

As with the compressor mounting, a 
minimum of framework is. required to 
carry the condenser, its cooling fan, and 
the driving motor for the latter. Easy 
access to the fan motor for inspection 
and maintenance is obtained from 
beneath and behind the condenser. 

The condenser fan, a 22-inch four- 
blade unit of special design for high 
efficiency and quietness of operation, is 


driven at 1200 r.p.m. by a one-horse- 


power, 37. 1/2-volt, totally enclosed, 
direct-connected, series-wound motor. 
The fan blades are of cast aluminium 
with non-resonant characteristics, a fac- 
tor contributing largely to quietness in 
operation. 


Evaporator units provide year-round 
service. 


There are two evaporator units, one 
mounted in the clerestory space behind 
the bulkhead separating the dining salon 
from the galley, and one in the clere- 


story at the opposite end of the dining 


space. Each unit includes two sets of 
copper coils enclosed in a copper-fin 
assembly. One set of coils carries the 
refrigerant gas and furnishes the refri- 
gerating effect for cooling the incoming 
air. The remaining set is connected to 
the steam heating system of the car and 
is employed during periods when heat- 
ing rather than cooling is desired. Two 
thermostatic expansion valves are used 
on each unit. 

A 1/3-horsepower, 37 1/2-volt, series- 
wound motor drives two overhung cen- 
trifugal fans which supply 1000 cubic 
feet of air per minute to each evaporator 
unit. The motor is mounted on a spring 
base which effectively prevents the 
transmission of vibrations and conse- 
quent noise to the car structure. 


Fig. 6. — Control group in mounting cabinet — 
with cover removed. 


The conditioned air, as it 


evaporator s, is assisted 
the various parts of the dining salon by 


two small motor-driven | deep- pitch bulk- : 
head fans, comparable in size to the con- — 
ventional type of railway car ventilating 


fans. They are of the three-blade type, 
not unlike a three-blade marine propeller 


in appearance, and are designed for 


maximum quietness and efficiency. One 


fan is mounted directly beneath each of 


the cold-air outlets and is tilted up to 
maintain the elevation of the cold-air 
stream discharge from the evaporator 
outlet grille. 


Pole change and generator regulator. 


A novel feature of the generator con- 
trol equipment is the speed and direc- 
tional switch, developed especially for 
this application. This performs the 
function of securing correct polarity for 
generator excitation regardless of the 
direction of operation of the car, without 
battery drain at standstill. 

The use of the speed and diceationat 
switch eliminates the necessity of a sepa- 
rate generator exciter or bulky brush- 


rocking mechanisms, thus permitting 
full utilization of the available space in 


the truck for power-producing purposes. 
Positive build-up of correct polarity is 
assured by battery excitation—flashing 
— of the generator field during the ac- 
celerating period. When the reverse cur- 
rent relay closes, the generator is self- 


excited. When the train speed is below 


approximately 10 miles an hour all exci- 
tation is removed by this switch, thus 
avoiding battery drain. 

A carbon-pile regulator holds the gen- 
erator voltage within a narrow voltage 
range between car speeds of 25 and 
90 miles an hour. <A current element on 
this regulator limits the current output 
to a safe value. 


The generator and compressor scotee 


control “equipment, with the exception of 
the carbon-pile regulator and. reverse 
current relay, is in a sheet metal box 


suspended beneath the car body adjacent 
to the condenser unit. The carbon-pile 
regulator and reverse current relay are 
designed to replace corresponding light- 
ing generator.regulator equipment com- 
monly found in locker space on existing 
passenger-car equipment. 


High and low pressure cutouts, mount- 
ed with the compressor unit, protect the 
refrigerant system from excessive and 
subnormal pressures by shutting down 
the compressor should abnormal condi- 
tions hold. : 
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Soo line tests cyclone front end. 


(Railway Age.) 


The Minneapolis, St. Paul & Sault Ste. 
Marie has recently completed some in- 
teresting tests of the locomotive front- 
end arrangement, known as the Cyclone 
front end and described on page 813 of 


Fig. 1. — Cyclone front end as installed with 
one front section removed to show the in- 
terior arrangement. 


the Railway Age issue of 25 April, 1931. 
These tests indicate that the device func- 
tions effectively not only to prevent the 
emission of sparks from the smokestack 
but to permit operating with an appreci- 
ably larger exhaust nozzle, reduced back 
pressure and generally improved loco- 
motive performance as regards hauling 
capacity, speed and fuel economy. The 
use of the Cyclone front end, as installed 
on the Soo Line test locomotive, permit- 
ted increasing the exhaust-nozzle dia- 
meter 9/16 inch and reducing the back 
pressure approximately 4 lb., or 27 to 
50 %, dependent upon the speed and 
cut-off. The locomotive steamed freely, 
maintaining an average superheated 
steam. temperature of 636° F. with a 
front-end gas temperature of 570° F. 


The Cyclone front end was originally 
developed on:the Northern Pacific and 
subsequently applied to several hundred 
locomotives in order to permit burning 
sub-bituminous coals of the Rosebud va- 
riety without spark emission and atten- 
dant fire hazard. As described in the 
article referred to, the device consists 
essentially of a sheet-metal drum equip- 
ped with breaker strips around the in- 
terior circumference and _ deflecting 
vanes at the intake, so arranged that 
exhaust gases are given a centrifugal 
motion which delays the cinders in the 
drum long enough for them to be reduced 
in size and extinguished before being 


Fig. 2. — Spark-arrester drum before installa- 
tion in the locomotive. — View taken from 


the intake end. 


discharged to the atmosphere. No net- 
ting or similar restriction to draft is 
required with this construction. 

The initial Cyclone front-end design, 
now called the Type A, was installed 
with the gas’ intake at the front of the 


smokebox and usually necessitated an | 


offset exhaust nogzle: After manufactur- 
ing rights were acquired, in 1931, by the 
Locomotive Firebox Company, Chicago, 
the improved Type-B Cyclone front end 
was developed, being essentially like the 
earlier type, except for the omission of 


the top head of the drum and the utiliza-- 


tion of this space to give greatly increas- 
ed spark-arrester drum volume and a 
larger front intake area. Moreover, it 
Was not necessary to use an offset ex- 
haust nozzle with this design. A_ still 
further improvement was effected with 
the Type-C front end used in the Soo 
Line tests, whereby the intake to the 
drum was reversed and plaeed directly 
in front of the flue sheet, thus providing 
a much shorter and less restricted path 


for the flue gases than with either of . 


the preceding types or with the con- 


"peta Master Mechanics’ front-end 
arrangement. 3 
The general arrangement of the Type. 
C front end is illustrated i in figure 
surrounds an inside stack-extension and 


is used in connection with a low, straight 


exhaust base. The spark-arrester drum 
is manufactured in segments, keybolted 


‘together so that it can be applied either 


in a single unit or dismantled, and appli- 
ed section by section It can be removed 
in the same way. It is manufactured 
from 1/4-inch sheet steel and has a heat- 
treated steel liner 1/4 inch thick carry- 
ing vertical breaker strips applied to 
the inside surface. This liner, arranged 
in segments to correspond with the outer 
wall, is spotwelded to the walls of the 
drum and can be readily removed. The 
liner is used to prevent wear to the 
walls of the drum itself. A vertical baf- 
fle plate, surrounding the opening into 
the drum, shuts off from the draft area 
all of the smokebox, from the super-_ 
heater header forward. This arrange-. 
ment excludes all steam pipes and joints, 
with the exception of the superheater— 
units, from. the draft area and, therefore, — 
minimizes the possibility of steam leaks 
or outside air leaks around the door ring 
and steam pipes interfering with the 


draft. 


Method -of conducting tests. - 


In making comparative tests of the 


new front-end arran gement, the Soo Line j 


decided to take a locomotive in regular 
service and conduct a test first wits the 
conventional Master Mechanics’ front- ~ 
end arangement and then with the Cy- 
clone Type-C design. A Mikado loco- 
motive, with 28-inch by 30-inch cylin- 
ders and 170 lb. boiler pressure, was 
selected. In preparing for the test, the 
locomotive was equipped with draft ga~_ 
ges in three places, one in the firebox, 
one at the front flue sheet and one in- 
side the netting in front of the baffle 
plate. | Provision was made to determine 


a of 31.91 sq. Liecware an Homa of 
8.3 %. One trip was made with this. 
nozzle. arrangement, which indicated 
that the nozzle was still too small, so, 
for the next trip, the nozzle was opened 
to 6 5/8 inches, giving an area of 34.47 
sq. inches, or an increase of 17 %. The 
nd gas a eect locomotive is reported to have steamed 
. using a multiple- well, possibly better than with the 6 1/8- 

The valve gear was cali- inch nozzle in the Master Mechanics” 
a scale made which fitted front end, but, to insure the maximum 
of the reverse quadrant, cut- possibilities in steaming capacity and 
Spebiy: read direct by refer- general serviceability, the nozzle was. 
athe Po reduced to 6 9/16 inches, which was 
-an area of 33.82 sq. inches and an in- 
crease of 14.7 % over the 6 1/8-inch 
nozzle. After it was decided that 6 9/16 
re Eide Bepw eet Schiller inches would be the standard nozzle, 
d du Lac, Wis., over several test runs were made and ob- 
in 1 fast sens service, servations taken to determine the back 
The pressure, superheat and draft. | 

Figure 3, which is a composite graph 
showing operation over the entire divi- 
sion, indicates the relative back pres- - 


. tons $200 ton rhe ‘abasi: 
rating. 
service with 


the Master 
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- locomotiv was” a « good steamer » and ees 
vy in ‘st-class condition mechanically, Fig. 3. — Composite graph of several trips 
: _ handling the train without difficulty. showing the average readings at various 
Back “p essures were relatively high, speeds and cut-offs over a 140-mile division. 


r, and a loss in draft efficiency 
10 % between the nozzle tip and the sures derdepen- at given speeds and cut- 
front of the flue sheet was observed. offs between the two sizes of exhaust 
When as satisfactory results as pos- nozzle, or, in other words, between the 
2 “sible were ge a’ hese the Master two different front ends. Referring to 
the graph, it will be noted that, with 
the 6 9/16-inch nozzle, the locomotive 


developed practically 4 lb. back pres- 
sure at 19 % cut-off, this back pressure 
increasing to a maximum of 10 1/2 lb, as 
the cut-off was increased to 54 %, then 
dropping rapidly as the cut-off was fur- 
ther increased and the speed reduced. 
Under the same conditions, the locomo- 
tive, equipped with the Master Mechan- 
ics’ front end and the 6 1/8-inch exhaust 
nozzle, developed 8 Ib. back pressure at 
19 % cut-off, and increased to a maxi- 
mum of 14 1/2 Ib. at 54 % cut-off, then 
dropping with reduced speed as in the 
tests with the larger nozzle. An exam- 
ination of this graph indicates that the 
locomotive, when equipped with the 
larger nozzle, developed practically 4 Ib. 
less back pressure throughout the entire 
normal range of operation, which is equi- 
valent to a reduction of 27 to 50 %, 
dependent upon the speed and cut-off. 

The graph figure 4 shows the relative 
performances of the. locomotive ‘ with 
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Fig. 4. — Comparative back pressures devel- 
oped on ruling grade by Soo Line locomotive 
equipped with the Master Mechanics’ and 
subsequently with the Cyclone front end. 


the two front-end arrangements on the 
ruling grade, as measured in back pres- 
sures, speeds and cut-offs. ‘ It is inter- 
esting to note that, with 29-% cut-off 
at the foot of the hill, the Cyclone-equip- 


ped locomotive at a speed of 47 m. p. h.° 


developed 6 1/2 lb. back pressure. To 


maintain speed on the hill, the cut-off 
was increased to 34 % and again to 
39 %, the speed remaining constant to 
this point. As the increasing grade 
reduced the train speed, the cut-off was 
increased at intervals from 53 to 71 % 
at the top of the grade where the speed 
was 24 m. p. h. During this time, the 
back pressure remained practically con- 
stant at 8.2 lb., showing that the loco- 
motive had a reserve power capacity 
which could have been used, if neces- 
sary. 


| Baffle 
Plate 


Type"c" 
Cyclone Front End 


Fig. 5. — Diagram. showing as and cinder 
travel in the Cyclone type-C frond end as 
applied to the Soo Line locomotive. 


Under the same grade and operating 
conditions, the locomotive with the Mas- 
ter Mechanics’ front end developed a 
speed of 39 m. p. h. with a cut-off of 


i i 
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29 % and a back pressure of 7 1/2 Ib, at 
the foot of the grade. In an effort to 
maintain this speed on the grade, the 
cut-off was increased to 34 %, bringing 


_ the back pressure up to 10 Ib., the speed 
. falling slightly, however, to 38 m. p. h. 


As the speed continued to decrease the 
cut-off was increased at intervals until, 
at 53 %, a maximum back pressure of 
13.4 Ib. was developed at a speed of 
22 m. p. h. From this point on, both 
the speed and back pressure dropped 
rapidly as the cut-off was further in- 
creased to 67 % at the top of the grade 
when the back pressure was 12 Ib. and 
the speed 16 m. p. h. While the tractive 
force of the locomotive during this test 
continued to increase until the top of 
the grade was reached, the maximum 
horse - power was developed before 
reaching the top. : 

While the graphic charts give a visual 
picture of the definite improvement in 
locomotive performance, due to the ap- 
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plication of the Cyclone front end, with 
the resulting increase in nozzle area, an 
additional advantage was observed in 
the increased smoothness of operation of 
the locomotive after the nozzle tip had 
been enlarged. In every instance, where 
it was necessary to work at rather 
high capacities, the Cyclone-equipped 
engine was said to work much easier, 
and be capable of handling increased 
tonnage. Less grate shaking was re- 
quired and a thinner fire kept at all 
times, burning the same kind of fuel. 

The results of these tests with the 
Cyclone front end, covering a period of 
about three months, indicate that by the 
use of this device, the following ad- 
vantages may be anticipated: Larger 
nozzle area, decreased back pressure, 
better steaming, reduced fuel consump- 
tion, sparkless operation, no interfer- 
ence with draft from air leaks into the 
smokebox, and increased hauling capa- 
city. 


High-power Sulzer Diesel locomotives for express 
passenger and for goods trains. 


(Le Génie Civil.) 


The application of the Diesel motor to 
railway traction is developing rapidly, 
as the Génie Civil has shown in an ar- 
ticle specially devoted to this subject in 
the number for December 31st, 1932. At 
the present time, this motor is being ap- 
plied more especially to the three fol- 
lowing types of locomotive : 


a) Shunting locomotives, the power 
being, according to the case, 300 to 
330 H.P. (U. S. A., Rosario and Buenos 
Ayres ports), 600 H.P. (U. S. A. and 
France), and 750 to 1000 H. P. (Manchu- 
ria, France, U. S. A.); 


b) Rail motor coaches and locomotives 
for secondary lines and branches of main 


II—5 


lines; their power is between 150 and 


"450 H.P.; 


c) Locomotives of average power 
which so far are only in regular work- 
ing in the Argentine (locomotives and 
mobile power stations of 1200 to 1500 
H. P. on the Buenos Ayres Southern Rail- 
way) and in Siam (450 to 900 H.P.). 


There are certain technical difficulties 
in the way of the construction of large 
Diesel locomotives and especially as re- 
gards the possibility of obtaining a suf- 
ficiently low weight per H. P. Important 
progress has been made in this direction, 
however. 

Many railways on which the cost of 


steam traction proves burdensome, may 
be expected ultimately to prefer Diesel 
locomotive traction, with its important 
advantagés, to electrification. 

Generally speaking, the cost of motive 
power is a maximum with steam trac- 
tion and a minimum with electric trac- 
tion obtaining its supply from hydro- 
electric stations. On the other hand, the 
first cost is lowest with steam traction 
and highest with electric traction. The 
other costs are nearly proportional to 
the density of the traffic. Diesel trac- 
tion occupies a mid position. When the 
traffic is light, the Diesel is a very seri- 
ous competitor to steam traction, whilst 
in the case of lines with very heavy traf- 
fic, electric traction has shown itself to 
be the best. It, therefore, seems that 
Diesel traction is, in principle, the best 
economically speaking for average traf- 
fie; 

There is, moreover, a large number of 
cases in which economy is not the only 
question to be considered. In regions 
where water is scarce and fuel has to be 
conveyed long distances, the Diesel mo- 
tor is obviously favoured by local cir- 
cumstances. The same applies to stra- 
tegic lines. 

Since the War, most railway compa- 
nies have put into service locomotives 
of steadily growing power. This devel- 
opment did not present any great diffi- 
cultics in the case of the electric loco- 
motives, thanks to it being possible to 
drive each axle independently, but was 
less easy in the case of the steam loco- 


motives, because of the difficulty of get- 
ting a sufficiently large boiler within the 
available gauge limits and through hav- 
ing to couple together the driving wheels. | 
It is most important for the future of 
the Diesel locomotive that it should 
reach the power of the steam locomotive. 
The Revue technique Sulzer (No. 1 of 
1933) reports the investigations of the 
Sulzer Company in this direction. These 
studies show that Diesel locomotives of 
2000 to 4000 H.P. can now be built, 
which weigh much the same as steam 
locomotives of equal power. 

The whole of the proposed designs in- 
clude electric transmission which, for 
powers, such as those considered, ap- 
pears the only practical one at the pre- 
sent time. 

The Diesel-electric locomotive for Rus- 
sia, fitted with two Sulzer motors of a 
total power of 1 600, built by Messrs. Fr. 
Krupp, and the 1 700-H. P. Diesel-electric 
locomotive, built by Messrs. Armstrong 
Whitworth as general contractors for the 
Buenos Ayres Southern Railway, are the 
two largest locomotives with Sulzer-Die- 
sel motor at present in use. The latter 
of these two locomotives is the largest 
Diesel locomotive in the world, forming 
a single unit. These locomotives each 
have two Diesel motor generator sets, 
whereas the present type has only a sin- 
gle group like that shown in figure 1, 
which is a 2000-H. P. locomotive for 
passenger trains. 

In Europe, where the permanent way 
is lighter than in America, nose-suspend- 
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Fig. 2, — 4 000-H. P. Diesel-electric locomotives for express trains, — 
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notors: are ‘not used tor speeds above 


than 300 a B) per aaa Consequently sie 


for each axle being carried on the main 
frame. The power is transmitted through 
a double set of gears and a quill surroun- 
ding the axle, The electric equipment 
is carried in a separate compartment on 
a frame independent of that carrying the 


Diesel motor. If this frame were carried 


on its own wheels, the whole of its weight 
would be lost for adhesion, while the 
other half of the locomotive would not 


_be heavy enough by itself to give suffici- 


ent weight on the driving and carrying 
wheels. In the final design one of the 
ends of the body in which the Diesel mo- 
tor is housed, is carried on a bogie, while 
the other rests on the driying wheel 
frame. 

The Diesel motors of these locomotives 
consist of two banks of cylinders, each 
driving a crank shaft. The generator is 
driven by a gear ‘coupling together the 
two crank shafts. This arrangement was 
adopted in preference to the single bank, 
owing to the lesser height and length re- 
quired and to the better use made of the 
available width. A motor of equal power 
with a single bank of eight cylinders 
would run at least as fast as the motor 
with two banks of six or eight cylinders: 
however, it would require a larger elec- 
tric generator. In addition, as the cylin- 
ders would be much larger, it would be 
necessary to make provision for cooling 
the pistons which would necessitate ad- 
ditional cooling. 

Locomotives of even greater power are 
being designed on the same principles. 
They have a larger number of cylinders 


and driving axles. The 4 000-H. P. loco-. 


motive for express trains (fig. 2) has two 
Diesel motors carried on two distinct 
frames separated by a central truck car- 
ried on 8 driving wheels and containing 
the electrical equipment. 

The tractive effort at the wheel tread 


loco otive shown in figure 1 is designed - 
for individual axle drive, the two motors 
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for which these locomotives have been 
designed has been calculated from for- 
mule based on those of Strahl. The 
value in ker. is: 


Ze = w,. Gy + wa Ga, 


G, and G, representing respectively the 
weight of the locomotive and that of the 
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Fig. 3. — Consumption curves of 4-stroke, 
8-cylinder, 880 effective H. P. Sulzer Diesel 
electric locomotive engine. 

ees Consumption when running at 700 r. p. m. 

———- .-- Consumption when running at 510 r. p.m. 

Charge = Load, 


Note. 


train behind it, in metric tons; w, and 
w, the corresponding specific resistan- 


ces in kgr./tons; the values taken for the 
specific resistances on the straight are : 


a) In the case of express trains : 


9,2 
von = 3.5 $0.6 I: _— 
L 
1 ve 
5. |); 
Preys Fican ia) 


b) In the case of goods trains : 


FV 122 
m= 35-42 (Ee), 


F is the cross section of the locomo- 
tives in square metres and V the speed 
in kilometres per hour. The value given 
by W, in the case of goods trains sup- 
poses that the train hauled is composed 
of empty wagons and loaded open or 
covered wagons. 

Figure 3 shows, in terms of the !oad, 
the fuel consumption of a 4-stroke, 8-cyl- 
inder motor, with mechanical -injection 
developing 800 H.P. at 700 r. p.m. These 
results were obtained during the accept- 
ance trials of a motor for the Chemins 
de fer de Ceinture, Paris. 
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_. Two-eylinder simple expansion 4-6-2 express locomotives 
for the Alsace-Lorraine Railways. 


3 —_ =z ies a result of experience eine with 
a German P8 class 4-6-0 locomotive, fit- 
_ ted with Caprotti valve gear two years 


ago, two new Pacific locomotives have 
been built on the same principles for the 
Alsace-Lorraine Railways. The main di- 
mensions of these locomotives are given 


under the drawings hereafter. 
The locomotives embody many inter-— 
esting features, the principal of which, 


of course, are the Caprotti poppet valves. 
The cam boxes and valves are of the 
latest designs and the driving gear for 
the cam boxes is of the usual Caprotti 
standard inside type, which is claimed 


to possess the great advantage that there 


is no need to interfere with it when at- 


- tending to back ends or side rods, that 


there is a minimum liability to damage 


(The Railway Gazette iy 


and the minimum number of compo- 
nents. The reversing gear is of the same 
type as that fitted to certain Caprotti 
geared engines on the German State Rail- 
ways. The departure from the usual 
French practice of compounding for ex- 
press passenger work was due. to the 
contention that with a well-designed 
poppet valve gear the engines can be 
worked with early cut-offs and thus an 
expansion of the steam comparable with 
compounding can be obtained. 

It is understood that a number of spe- 
cial trials with a dynamometer car are 
to be undertaken with these locomotives. 


For one of these tests provision has been 


made in the design to allow special 
liners to be fitted to the cylinders, where- 
by the diameter can be increased or de- 


Fig. 1. 


— 162 — 


290.18 PER SQ INCH. 
ee — : Rs, 
Sr eee Ne 
= —— me 


fet) ty 
OM At - -- 094" 


Cylinders (2), diameter. 
» stroke . 
Wheels, coupled, diameter. 


> leading bogie, diameter. 
» trailing, diameter. 
Wheelbase, coupled 
>» total engine. .. 


Boiler, working pressure 
Distance between tube plates . 
Diameter inside. 


5 0 


4 


6 ft. 4 3/4 in. (1 950 -mm.). 
3 ft. 2 3/16 in. (970 mm.). 
4.9. 1.1/4 4m. (Gb 250%mm.)). 
13 ft. 7 1/2 im. (4150 mm). 
36 ft. 8 7/8 in. (11.195 mm.). 
290 Ib. per sq. in, (20 hpz.). 


‘19 ft. 4 1/2 in. (5 905 mm.). 


6 ft. 0 7/8 in. (1 851 mm.). 


Fig. 2. — New simple-expansion 4-6-2 type express locomotive for the Alsace-Lorrain 
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- Heating surface : 
_ Tubes (30 large and 137 small) . . . . 2205 sq. ft. 


" 
ge te 5) 


7s siiee Ps ee 
= MaTthe ae ‘ Total. . . 2406 sq. ft. (223.7 m2) 
"> “lee she Superheates, - wueeeds tt 794 > 73.8 > ) 
Se eh ietate )aTee .. 2 AS Fete alg toe) 


mt Weight of engine in working order . . . . 106 tons. 

ds >  » tender » > ee tier) Ober: 
Beet. i 7. a t. Motals 5 re dons: 
_ Adhesion weight . hes 604 > 


Tractive effort, at 85 % boiler pressure. . . 46000 Ib, 


4 
he 


ys. — Built by the « Société Alsacienne de Constructions Mécaniques >, Graffenstaden. 
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Fig. 3. — Cylinders, smokebox, saddle 
and springing. 


creased at will, the object of such tests 
being to determine the relation between 
different cut-offs and-the steam con- 
sumption per drawbar H.P.-hour at vary- 
ing outputs of the boiler. The desirabil- 
ity of fitting a booster, in conjunction 
with the use of a smaller cylinder dia- 
meter, will also be investigated during 
these tests, a booster having been built 
to fit on to the trailing axle of one of 
the locomotives. ~~ % 

The new locomotives have bar frames, 


Fig. 4, — Booster truck fitted to one — 
of the engines. , 


and ithe cylinders and smokebox saddle 
are made in one steel casting, with cast- 
iron liners fitted in the cylinder bar- 
rels. Kylchap double-blast pipes are fit- 
ted, and the equipment includes an 
A.C.F.I. feed-water heater, a live-steam 
injector and a pneumatically operated 
firedoor. It will be noticed from the 
drawing that the footplate is extended 


over the tender in the same way as the 


latest express locomotives of the Est and 
the Etat. 
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7 ae to 
Diese rail coach, 
esigned by Messrs. Sir 
Whitworth and Com- 
Limited, iia 
: ster, London, S. W., 
f ae high-speed local sery- 
i or Beene lines, a 


only | Ca £ /2, fons. in Scrkinie Cader in é., 
0. 31 ton or 0. 25 ton per passenger seat, 
depending on whether the carrying ca- 
pacity is 57 or 71 persons. 


. _ The coach, of which views appear in 


1 eaten ie is 52. ft. fe a long over 


Tegel is 44 ft. it 1/4 ae anil it is carried 
on two. bogies with a wheel base of 
7 feet. The diameter of the wheels is 
) in. and the distance between the 
_ bogie centres 30 feet. The maximum 
o axle load, with the car loaded, is 6 tons. 
_ As will be seen, the ends and sides of 
eae the coach are streamlined, so as to re- 
the air resistance to a minimum 
Cpentpatible with the length and width. A 
"deep skirting round the sides is designed 
to diminish the eddies under the frame, 
and by reducing the head resistance in 
this way, it is claimed that a saving of 
power of no less than 30 % can be ef- 
fected at normal cruising speed. 
_ The underframe of the car is built up 
of two pressed-steel, flanged plates, which 
are- fish-bellied, so that unnecessary 


streamlined rail coach, 


erst) eee ing) 


Sears} 


weronee is Sanita These longitudinals 


are connected at intervals by -pressed- 
steel stretchers, between which the en- 
gine, generator, and motor are slung. A 
bumper is fitted at each end of the frame 
and links are provided, so that in emer- 
gency the coach can be coupled to stan- 
dard draw gear, The bogies, which are 
of the swing bolster type, are unusually 
light, a result which has been rendered 
possible by the use of welding in their 
construction. Their frames are of box- 
girder form, and were built up of flanged 
plates and pressed channel sections. The 
axle-box springs are laminated and are 


‘carried upon hangers fitted with Silent 


Bloc rubber bushes. The vehicle under- 
frame is supported on hemispherical 


side- bearings by rubber pads, the cen- 


tral guiding pivot being free from weight. 
The wheels are built up on large wooden 
centres and the tyres are bonded to the 
axles to allow track circuits to be oper- 
ated. The axle boxes are of the Isother- 
mos type. - 

The power unit consists of an Arm- 
strong-Saurer commercial vehicle, six- 
cylinder, heavy-oil engine, the output of 
which is either 95 brake horse-power or 
140 H.P., and the speed, 2 000 r. p. m. or 
1500 r. p. m. It is arranged with three- 
point support in rubber Silent-Bloc 


bushes, while the risk of any vibration 


being transmitted to the chassis is fur- 
ther prevented by the use of laminated 
spring suspension. The engine is direct- 
ly coupled to the generator, which is 
bolted to the crank case. This generator, 
which also serves to provide current for 
lighting, is in turn connected to the 
traction motor, which is rigidly mounted 
on the underframe and power_is thence 
transmitted to the road wheels through 


eer ek a 


gearing. The wicca ‘equipment. was 
ianniTsenamen by Messrs. Laurence Scot — 
and Electromotors, Limited, Norwich. 
Cooling is effected by two radiators, one 
at each end of the car, these being mount- 


'- ed in openings in the streamlined skirt- 


ing. 

Control is effected from the driver’s 
cab at each end by three levers. These 
work in a slotted cover and operate the — 
throttle, the reversing switch and the 
switch for starting and stopping the en- 
gine, respectively. The movements of 
these’ lovers: oane amen ‘through 
compensated heavy-duty steel wire ropes — 
running on pulleys to the actual switch- 
es, which are situated near the engine. 
The throttle handle is fitted with a dead- 
man’s button. The brakes consist of Fer- 
rodo-lined expanding shoes, which work 
on ‘drums mounted on the inside of the 
running wheels. The four brakes on 
each bogie are operated from a com- 
pressed-air cylinder, which is linked 
with the brake rigging in the driver’s 
cabs, The rise and fall of the axles in 
the horn guides is allowed for by sus- 
pending the brakes by means of Iubri- 
cated bushes on the axle. These brakes 
are applied if the dead-man’s button is 
released. : a 


The body was sant dénated by the 
Park Royal Coachworks, Limited, Lon- 
don, to the designs of Messrs. Armstrong, 


Whitworth and Company (Engineers), 
and is an example of how light road- 


vehicle construction can be adapted to 
railway service. The oak floor framing 
is flitched with No. 8 gauge mild steel 
plate to the pillars, while the rails and 


- other parts are also flitched at all the 


important joints. The roof is of silver 
spruce tongued-and-grooved board, and 
is supported on ash hoopsticks ‘streng- 
thened with mild steel castings. The 
front and rear “portions are, however, of 
No. 20 gauge steel with a silver finish, 
which was beaten to shape by hand, the 
whole being covered with waterproof 


aan panelling of birch ply. 
ting is. of the Park Royal « tub » 
type. ‘Each seat accommodates either 
two or three persons and is upholstered 
in moquette, the framing being of ply- 
wood flitched with steel. The floor is 
of 3/4-inch tongued-and-grooved | pine 
boards, and in the passengers’ and driy- 
er’s compartments is covered with Insul- 
wood, and then with a 3/16-inch cork 
carpet. Heating is effected by a radiator 
through which the cooling water from 
the engine passes, a fan directing the 
warm air upwards through ducts which 
run the fulll length of the passenger 
compartments. These. ducts are fitted 
with louvres, so that the heat is adjust- 
able. 

We understand that on the journey 
from Newcastle to London, on Sunday, 
* 30 July, the running time of this car was 
5 hours 48 minutes, with eight stops for 
signal checks. The-non-stop run for the 
« Flying Scotsman » over the same dis- 
tance occupies 4 hours 55 minutes. The 
fuel consumption was 35 gallons. The 
maximum speed with the 90- H.P. engine 

; Bice yy Pe. Fe is said to be 60 m.p.h., and 75 m.p.h. 
ae Fig. 2. with the 150-H. P. engine. 
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Bs _ The power bogie. 
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: The accompanying illustrations depicta sheets with a filling of wood being em- = 
Bi a double-bogie light-weight railcar, which ployed. ~ ie 
aa has been tried out in both high- -speed Both bogies : are of a patented type, ithe ~ 


and stopping services on the Italian driving hone carrying the engine and 
State Railways during recent months, four- -speed transmission en bloc, as 
and which, by reason of its successful shown in figure 2. The bogies have dou- 
working is to form the prototype of a ble suspension, and further to assist com- 
number of similar vehicles just ordered fortable riding, rubber dampers are used 
by the Italian State Railways authorities. between each bogie and the body. Fite 
Built at the Fiat Lingotto works, the car bearings are employed for th axle. -and— 
: has a six-cylinder petrol engine develop- the eight wheels are fitted with Wighoal 
ing a maximum of 130 B.H.P. at 2 000 r. aes Se ei aie a com- 
p.m., and with a fuel capacity of 250 litres 
(55 Imp. gallons), the radius-of action is 
some 420 miles. The aluminium sides of 1 as 
the car are built-up on a framework of iisthalteae ea ee of ie eee a 
-electrically-welded steel sections, and . clutch, reversing gear, and wheel, for 


the flooring of the passenger compart- pneumatic. at ; se 
. a ate ; at’ 

ment is also of aluminium, corrugated During pe course of the trials. the © heal 
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636.4 (43) & 686. 264 (43)] 
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between Ivrea and Aosta in 97 minutes 
one way and in 83 the other, including 
16 booked intermediate stops in each 
direction. This compares with the sche- 
dule for normal steam stopping trains of 
138 and 126 minutes respectively. 

The characteristics of the three types 
of Fiat car now on order are as given in 
the following table : 


a ft sie? 3 ft. 
. 48. 64 80. 
= ele MeN tons. 15.26 tons. 18.65 tons. 


= ‘Transporting rail wagons by road in Germany. 


(Modern Tr ausport.) 


_ Of recent years railway companies 


throughout the world have adopted vari- 


_ ous measures to reduce to a minimum 
_ the time and labour entailed in freight 
: Cecwptberes Rapid progress has been made 


wal 


in this country in the use of containers 
and, whilst these, as a rule, are trans- 


ferred by cranes at the terminal points, 
appliances have been introduced which 
enable the containers to be rolled from 


rail to road vehicle and vice versa. Real- 
_ ising that there are many factories with- 
out rail connection and, at the same 
time, constantly requiring wagon loads of 
traffic, the German State Railway Com- 
pany has for some time been experiment- 
ing with a view to finding the most suit- 
able means of transferring rail wagons, 
as distinct from containers, from goods 
terminal to consignees’ premises. 

A recent issue of Die Reichsbahn, the 
official organ of the German State Rail- 
ways, contains a most interesting article 
by Herr Hans Von Culemeyer, a leading 
official of the Company, describing the 


—6 


latest methods which have been adopted 
in Germany for this important phase of 
through transit. By the courtesy of Herr 
Culemeyer we are enabled to reproduce 
a series of photographs depicting a 
16-wheeled bogie trailer which has been 
specially designed for carrying 20-ton 
railway trucks. The vehicle in this in- 
stance was built by the Gothaer Waggon- 
fabrik A. G., of Gotha, from designs and 
structural details supplied by the chief 
construction office of the Reichsbahn, and 
during trials has given most satisfactory 
results. As will be seen from the photo- 
graphs, the trailer consists of two eight- 
wheeled bogies which are connected by 
means of an ingenious type of telescopic 
underpin. The vehicle is fitted with the 
usual railway type of compressed-air 
brake acting on the eight wheels of one 
of the bogies. It is hauled by a petrol- 
engined tractor equipped with a winch 
whereby the trailer can be drawn into po- 
sition end-on to a loading platform. Thus, 
when it is required to load a railway 


Fig. 1. — A 16-wheel double-bogie trailer is used by the German Railway Administration 
for conveying rail wagons through the streets: a) Mancuvring the trailer into position 
at the rail loading platform; 6) end-on view of the platform; c) method of anchoring rail 
wagon axle to trailer. 


Fig. 2, — The leading wheels of the rail wagot having been drawn on to the first bogie, the 
latter is hauled forward by the tractor unti the rear wheels rest on the second bogie. 
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truck on to the trailer the two bogies, 
closely coupled together, are drawn to- 
wards the ramp by a rope operating on 
the winch through the intermediary of a 
capstan in the manner shown in figure 1. 
The platform is 56 cm. (1 ft. 10 in.) high 
and the ends of the rails are hinged so 
as to enable them to be quickly brought 
into alignement with the rails on the 
road vehicle. As will be seen from fig- 
ure 1, the loading arrangements are quite 
simple and are such as can be provided 


at little cost at goods depots and fac- 
tories. 

At the foot of the platform are two 
small ramps upon which run rollers si- 
tuated below and at each end of the 
framework of the trailer, the latter being 
thereby prevented from sinking when a 
wagon is being drawn on to it. For load- 
ing purposes both bogies are coupled 
tightly together so that the rail bearers 
form a continuous runway for the on- 
coming wagon. Moreover, the mounting 
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Fig. 3. — The rail wagon in position on the two bogies is now ready for haulage 
through the streets. 


of the two bogies on eight axles and six- 
teen rubber-tyred wheels enables steer- 
ing to be easily accomplished by hand 
from the drawbar in front or rear. Thus, 
when the bogies are being drawn by the 
tractor towards the loading platform, the 
rear drawhbar is utilised and the whole 
outfit can be steered by one man, and, on 
reaching the platform, the end is secu- 
rely fixed in position by the use of an 
ordinary wagon coupling, the process 
being shown in figure 1. 

This operation being accomplished, 
the wagon — in this instance a 20-tonner 
— is drawn by the capstan and cable 
equipment of the tractor on to the road 
unit until its leading pair of wheels is 


resting on the middle of the first bogie 
(fig. 2). A lever is then moved to actuate 
two axle guards on the bogie frame, 
which are raised so that they rest be- 
neath the axle of the wagon, thus anchor- 
ing it in position, as shown in figure 1 c). 
Next, the coupling between the two bo- 
gies is disconnected and the first bogie 
is drawn forward until the rear wheels 
of the goods wagon rest on the middle 
of the second bogie. During this oper- 
ation the telescopic connecting pin has 
been automatically drawn out between 
the two bogies, the wheelbase being 
thereby increased from 3 m. (9 ft. 10 in.) 
to 4.50 m. (14 ft. 8 1/2 in.), a distance 
sufficient to embrace the majority of 


ways. For wagons of larger ca 


wheelbase of 8 m. (26 ft. 3 in.). 
The rear axle of the goods wagon hay- 


ing been anchored in position similarly | 


to the leading axle, the whole wagon is 
then lowered by 21 cm. (8 1/4 in.) to a 
height of 30 cm. (11 3/4 in.) above 
ground level, each pair of wheels being 
so lowered in from 5 to 10 seconds by 
releasing a set of valves. The brake pipes 
are then coupled between the two bogies 
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Pneumatic ash extraction plant on the London 


goods wagons used on the German Rail- : 
fai the 
however, the connecting rod can be 1 
lengthened by the insertion of an addi- 
tional piece to provide a maximum 1 


depressant in the Bilal 
moment, so that the jour ey 
without damage. to the goods, 
velling, the road vehicle is d 
noiseless and, owing to the excellenc 
the springing and arrangement of 
load, vibrations are hardly perceptible. 


Midland & Scottish Railway. 


(Modern T> ansport.) 


Vacuum-cleaning a locomotive is aptly 
descriptive of a method of cleansing 
smoke-boxes which has been adopted by 


the London Midland and Scottish Rail-— 


way at that company’s locomotive depot 
at Willesden, N. W. This installation, 
‘the first of its kind, has been manufac- 
tured and installed by Davidson and Co., 
Ld., of the Sirocco Engineering Works, 
Belfast, Northern Ireland, who, while 
perhaps better known for the manufac- 


ture of « Sirocco » multi-bladed fans and. 
allied equipment, have succeeded in ap- 


plying the principles of pneumatic con- 
veyance in a very efficient and practical 
manner for this purpose. 


An ertswhile cogent argument of those 


two favour wholesale electrification of 
our railways was that the steam locomo- 
tive must of necessity spend a consider- 
able portion of its life in periodical and 
frequent preparation for useful activi- 
ties. Coaling, turning, replenishment of 
sand-boxes, tube sweeping, emptying 
smoke-boxes and ash cleansing are oper- 
ations many of which require daily at- 


capacity for dealing with ashes and sim- x 
‘ilar material at the rate of 6 toms an 


tention, and, while the design and per- | 
formance of steam engines have, during 
the last decade, shown marked improve- 
ment, the daily work of maintenance has 
not diminished to any material degree. 
A noticeable step forward has been 


taken of recent years in the direction of 


locomotive coal handling installations, of 
which particulars have from time to time 
been published in Modern Transport, 
and now we are enabled to record a 
further development in the introduction 
of equipment designed for cleansing the 
smoke-boxes of locomotives. 


General arrangement. 


The « Sirocco » pneumatic ash extrac- 
tion plant at Willesden, which has been 
installed to the requirements of Mr.W. A. 
Stanier, chief mechanical engineer, L. M. : 
S. R., is designed to deal with two loco- ae 
motives simultaneously. It has a total , 


neues or, roughly, 1 cwt. a minute, from a 


be 
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Fig. 1. — General arrangement of « Sirocco » pneumatic ash extraction plant, 
Willesden depot, London Midland & Scottish Railway. 


each engine being cleaned. Four oper- 
ating positions are arranged, two each 
on adjacent parallel tracks, and each po- 
sition is serviced by two extraction pi- 
pes, either of which is used according 
to whether the engine comes in forward 
or reverse, details being shown in the 
accompanying drawing. 

Suction nozzles of special non-choking 
design, and directed by hand as requir- 
ed, extract the ashes at the points to be 
cleansed. The material is then conveyed 
by means of pivoted pipes, having ball 
and socket joints, and supported on 
swivelling jibs attached to suitable frames 
mounted alongside the track, to an air- 
tight receiver, of 1350 cubic feet (ap- 
proximately 13 tons) capacity, whereby View looking in direction of arrow “A” in fig. 1. 
preliminary separation of the ash from 
the conveying air is carried out. 


Fig. 2. 


Operation. 


through the receiver, where it has been 
partially relieved of matter in suspen- 


sion, then passes into the volute of a 


« Davidson » « D » type patent centri- 


_fugal dust collector, whence it emerges 


in almost.a dust-free condition. 
After passage through the centrifugal 


collector the air, now practically dust-~ 
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The conveying stream, after passage 


free, is reted in an air ashen to. ae 


move Hie last ess of superaee matter, — 


prone into action | aiden oy Y 
vacuum-operated valves when the plant — 

is set to work, the dirty water being dis- 
charged continuously by means of a bar- 
ometric pipe. The ashes contained in 
the receiver and recovered from the dust — 

collector, whence they pass into a se- — 


Fig. 3. — A locomotive at the ash extraction plant at Willesden. 


parate compartment in the main re- 
ceiver, are finally discharged by a ver- 
tical chute into wagons placed for this 


purpose beneath the appliance, A chain- 


controlled discharge valve and flexible 
hose at the base of the receiver serve to 
release the ashes into the wagon -below 
when necessary. 

The installation operates at a pressure 
of about 5 lb. per sq. inch below that of 


the atmosphere. This pressure-is set up’ 


and maintained by a vacuum exhauster 
of the vertical double-acting, single-cyl- 


inder reciprocating type, connected on 


the outlet side of the air washer. The 
exhauster, driven by means of vee ropes 
from an electric motor, is equipped with 
spring-loaded . valves entirely automatic 
in action. No direct contact between the 
piston and the cylinder wall occurs, so 


_that wear of these parts is practically 


eliminated. 
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Results of working. 


We are informed that, since the instal- 
lation was put into regular service some 
months ago, no manual handling of 
smoke-box ash has been necessary from 
the time the locomotives arrive until the 
extracted material is carried away in wa- 
gons. Time and labour are substantially 
reduced, while, at the same time, the pre- 
sence of clouds of floating dust, formerly 
a source of annoyance and irritation, is 
eliminated. No wastage of ashes in the 
vicinity of the yard occurs, and maximum 


recovery of this material in the dry state, 
when it possesses a not inconsiderable 
calorific value, can be made for the pur- 
pose of firing different types of stand-by 
plant. Furthermore, the. very thorough 
cleansing which has been made possible 
by the use of the plant assists in the de- 
tection of latent defects. There is un- 
doubtedly considerable scope for the use 
of this: type of labour-aiding appliance 
at locomotive depots, and the L. M.S. is 
to be commended on being the first to 
test its merits. 


[ 313. 628. 143. 3] 


Statistics of rail breakages for the year 1932. 


We publish hereafter, in the form adopted at the Madrid Congress (1930) (*), 


the information supplied by member Administrations in connection with the rail 
fractures which occurred on their lines in 1932. 


In the tables hereafter, and unless stated otherwise (*) : 


Light rails applies to rails of a weight less than 85 Ib. per yard (42.5 kgr. per 
metre), 


Medium rails, to rails of 85 to 105 lb. per yard (42.5 to 52.5 kgr. per metre), 


Heavy rails, to those weighing 106 lb. per yard (53 kgr. per metre) or over. 


(1) See Bulletin of the Railway Congress, December 19310, p. 2236, 2240-2242. 
(2) See Bulletin of the Railway Oongress, March 1926, p. 240. 
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Number of train-miles : 43 312 428. 


Total number of fractures : 254. 
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Age of rails : 


NAMES 4s 
aye ES 5 years and less. 6 to 10 years. 
‘ ies 
ADMINISTRATIONS | %~ ee 2. Tee 
AND = es Year of fractures 3 2 g & Even of fractures g g : 
DESCRIPTION as er a eh el ee he z e523 
te © tn a wo ° | USK Fae ; % © = 
oF ag as ari) es Aim 2) log ag = Be a) |e 
a3 manu- ge | 8 4 gas Aaa manu- ore —3 ee Has & 
RAILS. e og <5 ° a ei 3 & © om <5 3° ‘a 3 
facture, | S* 2 | Pal a) 3°] facture. | s* 2) & ea 
Ban a ° q oe rw Ss ° 5 
q° sa) Ee ae aI 3 
4 Zz lol Z 
i 2 3 4 5 6 7 8 Gi) 10 11 12 13 
Miles. Miles, Miles, 
BELGIUM. 
Belgian National 
Railways Company. 
(Year 1931). 
Light rails : 
Weight : 38 ker. 
(76.60 Ib. per yard), 82.7 
profile adopted in 1863 (steel) << 2 a 
and given up since, \ 
Nips : 40.65 ker. ; > 
(81.94 lb. per yard), p 
profile adopted in 1898 Y 3.5 1922 to 1926) ... (1) 2 301.0 ‘ 
and given up since. 
Medium rails : | - 
Weight : 50 kgr. 50 
(100.79 lb. per yard), 2 848.4 91927 to 1931 ) 9 1 153.4 4.85 [1922 to 1926) 10 (*6) 60 1 130.8 3: 
profile adopted in 1910. 
Weight : 52 ker. | 
(104.82 Ib. per yard), | 110.4 
profile adopted in 1886 ( r Sa ee SS - 
and given up since. \ 
Heavy rails : | 
Weight : 57 kgr. 
(114.90 Ib. per yard), 176.5 as : at.) Beas ee 
profile adopted in 1907 3 - 
and given up since ; 
Total, . 4 331.5 including 9 ) ee 10 | 62 tee 
36.9 im tunnels. 1 
Number of English tons gross) hauled, passengers and goods : 16 985 !53 800. 


Number of fractures per 10 000 000 train-kilometres or 6 250000 train-miles : 36.4. 


(*) In tunnels, 
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Age of rails: 
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, Age of rails : 


OF gs 5 years and less. 6 to 10 years. 
~ 
1 2a, 
ADMINISTRATIONS a Rhee 2 Namboe 
= isl 5 , 
AND ak Year of fractures 4. Z j 3 Year of fractures 4. : 
DESCRIPTION Ss Be ev ef Es E likey abs || 
Ss ea] #/ | fas |=88 Ba | #| 4 | eae qe 
or se | mam | 22 /)23] 2 | §E2 | eo] mao | 86) .8) 3 | 822 | 
RAILS. RP Oe lea ae} See Peal beg acai es 
facture. | +> & 3 game facture. | $= 2 & =% : 
ERS So ge ! 
= ° Za 2 
1 2 3 4 5 6 ib 8 9 10 ll 12 13 
Miles. Miles. Miles. 
BELGIUM. 
Belgian National 
Railway Company. 
(Year 1932) 
Light rails : 
Weight : 38 kgr. 
(76.60 1b. per yard), 
profile adopted in 1863 (steel) ie tay Me ‘ : 
and given up since, i 
Weight: 40.65 kgr. 
a ne ae ae . 1 046.1 1925 Pail ee ; 1029 tes)027! | eee ween meee 239.8 
and given up since. 
Medium rails : | 
Weight: 50 ker. . 7 i 
(100.79 1b. per yard), 2970.4 | 192801932] 2 } 3) 10 | 1185.4] 5.24 |1923to1927| 3 } (8) 81 | 1177.0 
profile adopted in 1910. H ‘ 
Weight : 52 ker. 
(104.82 tb. per yard). 
profiie adopted in 1886 nee aoe ati aut x65 “cn bee 1s in ae ne 
and given up since. 
Heavy rails | . 
eee a any 
(114 b. per yar ; 
profile adpoted in 1907 | 151.0 ase fee nes ae es oe oes ae ae dee wea 
and given up since, 
Total, . . | 4 324.7 meluding 2 dey dndO 1} a fe a a} aah cBle| Ge 
\ 


36.9 in tunnels i 


Number of English tons (gross) hauled, mera? and goods: 14 176 286 000. 
Number of train-miles : 40 645 500. 

Total number of fractures; 219. 

Number of fractures per 10 000 000 train-kilometres or 6 250 000 train-miles : 33.47. 
(*) In tunnels. : 
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of fractures. 


Age of rails 
15 to 20 years. 
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This work is a fully documented Bes ten 
of the crisis through which the Spanish 


railways are passing. The problem is first 
of all sketched, in an introduction, under 
three aspects: juridical, financial and 
economic. The volume itself is divided 
‘into two parts : the first is devoted to a 


methodical examination of the various — 


elements characterising the Spanish rail- 
ways; it gives statistical details relating 
to these railways, and at the same time 
compares these figures with those re- 
lating to foreign railways. The first 
chapter shows : the progressive growth 
of the system, with the main features of 
the gradients; the development of elec- 
trification; the position as regards mo- 
tive power and rolling stock. The se- 
cond chapter deals with questions re- 
lating to the staff: total numbers and 
numbers per unit of trafic; position of 
the staff as regards remuneration and 
insurances. Data relating to operation : 
passenger and goods traffic, rates, re- 
ceipts, analysis of expenditure, operating 


coefficients, fiscal charges, capital in- 


vested in the railways and its earnings, 
are dealt with in the succeeding chap- 
ters. ; 

The second part deals with the rail- 
way problem as seen at the present time 


in Spain, and considers possible solu- 


tions. The theory developed can be 
stated as follows : the railways of Spain 
at the present time fully meet the requi- 


rements of the national economy except — 


as regards return on the capital invested. 
The work tends to show that the devel- 
opment of the Spanish railways is quite 


sufficient to meet the traffic require- 


El Problema de ne Ferrocarriles Expaiioles 1933. (The Sen Railway “Questio ma 
— One volume a0 x 8 ik ee of 194 pages, with IPO! statistical tables and discs 


sion to double track, renewal work, etc. 


‘able to maintain the railways in the _ 


of improving fie’ hacen aes! “Conve 


the motive power and rolling stock ) 
meet the requirements; the staff has a 
reached a high standard of living; the 
railway industry no longer uses stores 
other than those produced in the coun- ey) 
try; the railway forms a source of con- 
siderable revenue for the public treasu-— 
ry; the Spanish rates are relatively lo- 4 
wer than those of most other countries; 
in spite of the increase of expenditur wy: 
and the very high taxation, the operating 
coefficient remains satisfactory. The — 
position of the railways is therefore — 
healthy; but in ‘opposition to these fa- 
vourable features, the problem of the in- 
sufficient return on the capital invested, _ 
the essential cause of which lies in the ~ 
too low level at which the rates have 


been maintained, still | remains, hiss 


insufficient return prevents the invest- 
ment of new capital, which is indispens- ek 


highest state of efficiency. As causes, 


“must be mentioned especially those af- 


fecting the financial equilibrium ofthe 4 >) 
operating services; the economic depres- 
sion, road motor competition, the in- 
crease of expenditure as a result of 
social and economical legislation, thes 
taxation on transport, about the highest ond 
in Europe, and finally the increasing 
intervention of the State in the regula- 
tions. The above are the subjects ca : 


with in the first chapter. a ‘ 


The second chapter considers the pos. : 


he joint. peeie! with 
companies who have 
n, has oem in force in 


way can aaa all Reeeanee 


n all asented Capiea the man- 
being controlled by the State 


i- ment of new capital. 


aSnanes, financial and 


Ce 


gements have apparently not been 


carried out properly, especially as re- 
gards revision of rates, and this has. 


resulted i in the present difficulties. 
The work terminates by suggesting 


_ that, whatever form of management be 


adopted, a series of measures be adopted 
for improving the position, and in par- 
ticular : the revision of the social legis- 
lation, much too strictly enforced at the 
present time; the reduction of the trans- 
port tax; the reform of the administra- 
tive regulations; the suspension of the 
construction of new lines decided in 
recent years; and finally the regulation 
of road transport and its co- -ordination 
with’ the pailwayed 


- SAITZEW ainsel\, Professor of Political Rooney, in the Law School of the University 


_ of Zurich. — Mission et régime des chemins de fer dans l’économie nationale. Contri- 
’ 


bution a ] 


r, 


étude du ‘probleme de la concurrence entre le chemin de fer et l’automobile. 


(The mission and régime of railways in the national economy. — A contribution to the 
study of the problem of competition between rail and road.) — One pamphlet 
(91/2 x 6 1/2 inches) of 88 pages. — 1932, Berne, Librairie Edition, S. A. 


Switzerland is one of the countries in 
which road motor competition has been 
most heavily felt. At an early period, 
methods for diminishing the disastrous 
effects thereof were investigated and 
steps taken to co-ordinate transport by 

rail and by road. Recently again new 
legislation has been proposed by the 
General Management of the Federal Rail- 
ways. 

_ Astudy by a Swiss author, written with 
the object of bringing out the specific 
characteristics of railways and their 
economic role, their importance from 
the social aspect, their own rates struc- 
ture, and their public and national util- 
ity, could not fail to be of great interest. 
Although the author may have examined 
more especially the position of the Swiss 
railways, noting and underlining the 
facts peculiar to them, it may be said 
that fhe whole work applies equally 


well to the railways of other countries. 

While declining any intention of ma- 
king the question of road motor compe- 
tition the principal matter, which would 
involve other developments, he has taken 
care, basing his arguments on well estab- 
lished facts and upon incontestable sta- 
tistical data, to prove that the position 
taken by the railways in the economic 
field is such that there is an absolute 
necessity for the State to take such ac- 
tion as will assure their survival. 

We will mention briefly, among the 
ideas developed in this work, the great 
influence exercised by the railway on 
the material life of the nation by the 
multiplication of transports, the impor- 
tance of the capital invested in building 
them, the frequent intervention of the 
State in railway matters, justified by the 
great interests involved, and which often 
has placed very great burdens on the 


‘These le gislative 


aC) as 


railways, certain of which are outside 
their proper scope. The chapter deal- 
ing with the relationship to be estab- 
lished between the cost of transport and 
the price the customer is asked to pay 
merits special attention. The principle 
of fixing the rates according to the spe- 
cific value of the goods, a valuable prin- 
ciple which enables the railways to 
transport materials of little value but 
essential to industry and all economic 
life, is very clearly defined and defen- 
ded: the whole rates structure is the 
result of this principle. The competi- 
tion of the road motor by easily cutting 
into the higher rated classes of goods 
thereby runs a risk of ruining the neces- 
sary equilibrium of the commercial or- 
ganisation of the railway. 

The author, in consequence, comes to 
the conclusion that measures of the 
broadest character are now indispens- 
able and that none but the political au- 
thorities of the country can take them. 
He indicates two solutions and discusses 


their consequences. The first consists 
of operating the railways according to 
the principles ruling private industry, 
at the same time exempting them from 
the burdens and obligations which have 
been imposed upon them for the public 
good. He rejects this solution on ac- 
count of the unfavourable results it 
would necessarily have upon the natio- 
nal economy as a whole. The second 
would be to restore the situation such 
as it was before the road motor ap-. 
peared, by incorporating the latter into a 
transport organisation managed by the 
State in the general interest. By this 
method an endeavour would be made 
to establish reasonable collaboration 
between the railway and its competitor. 
Without entering into the details of the 
methods of application, the author limits 
himself to indicating the possibilities of 
regulating transport by lorry, and points 
out that one of the first measures would 
be to deprive the road motor of the 
privileges it possesses today. 
E, M. 
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Poa OBITUARY. 


"The Right Hon. Viscount CHURCHILL, G. C. V. O., 


Chairman of the Great Western Railway Company, (Gt. Bn.), 
Life Member of the Permanent Commission of the International 
- Railway Congress Association, 
President of the Xth Congress (London, 1925) of this Association. 


We have heard with the deepest re- 
gret of the sudden death, on January 
3rd., or Viscount Churchill, Chairman 
of the Great Western Railway Company. 
Born in 1864, Lord Churchill was 
educated at Eton and at the Royal Mili- 
tary College, Sandhurst; he served with 
the Coldstream Guards from 1884 to 1889. 
He succeeded his father as Baron Chur- 
chill in 1886 and, in 1902, was made 
a Viscount. He was Lord Chamberlain 


at the Coronation of King Edward VII 
and Master of the Robes at the Corona- 
tion of King George V. 

In 1905, he joined the Board of Di- 
rectors of the Great Western Railway 
Company and succeeded the late Mr. 
Alfred Baldwin, father of Mr, Stanley 
Baldwin, the former Prime Minister, as 
Chairman of the Company in 1908. Un- 
der his wise guidance, incessant impro- 
vement rather than extension was the 
policy of the Great Western Railway. 
He fully realised that it was the duty 
of a Board to direct and not to interfere 
in details, and his most cordial and 
encouraging attitude towards the staff 
resulted in developing their initiative 
and carrying the undertaking forward 
to a yet greater efficiency. 

Lord Churchill was Chairman of the 
British Railway Companies’ Association 
from 1920 to 1922. His term of office 
included the critical period culminating 
in the passage of the Railways Act, 1921. 
The reshaping of this Act, so as to make 
it generally acceptable to the Companies, 
their staff and the public was largely 
due to his skill, courtesy and hard work. 
As a tribute to his services in this res- 


pect, the Railway Companies’ Associa- © 


tion presented him, in 1925, with his 
portrait in oils, by Sir William Orpen. 
In 1931 and 1932, he was again Chairman 


-of the Railway Companies’ Association. 


During his Chairmanship of the Great 
Western Railway Company, which lasted 
over 25 years, he had experience of no 


less than five General Managers, all Great 
Western trained. a 

He was most assiduous in the attention 
to his duties; he was always most ap- 
proachable and the staff were all devoted 
to him. 

Viscount Churchill was the holder of 
a number of honours and decorations. 
He was also Chairman of the Fishguard 
and Rosslare Railways and Harbours 
Company and of the British Overseas 
Bank Limited, a Director of the Grand 
Union Canal Company, of the Peninsular 
& Oriental Steam Navigation Company 
and of the British India Steam Naviga- 
tion Company. 


Lord Churchill had been a member of 
the Permanent Commission of the Inter- 
national Railway Congress Association 
since 1910, and was the President of its 
Xth Session (London, 1925), on which 
occasion he was made a life member of 


the Permanent Commission. He always 
took a keen interest in the work of the 
Association. His death will be keenly 
felt by his former colleagues of the Rail- 
way Congress Association and, on their 
behalf, we wish to convey our sincere 
sympathy to his relatives and to the 
Great Western Railway Company. 


The Executive Committee. 


